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PREFACE. 



In bringing out a Text-book of Natural History intended 
mainly for the use of schools, there are a few remarks which 
it may be as well to make by way of preface, if only to 
explain the principles upon which the work has been 
written. 

In the first place, more space has been devoted, com- 
paratively speaking, to the Invertebrate Animals than has 
usually been the case in introductory works, upon the 
belief that any practical 2^1ogical work likely to be under- 
taken by young students will certainly be in connection 
with these rather than with the Vertebrate Animals. 

Secondly, the Author has devoted considerable space 
to a discussion of the principles of Zoological classifica- 
tion, believing that it is of paramount importance that the 
student should have a clear idea of the principles upon 
which the Animal Kingdom has been systematically divided. 
At the same time, the introductory portion of the work is 
more especially intended for the teacher ; and there is much 
in it that the learner may perhaps hardly imderstand till he 
has arrived at some clear idea of Natural History as a 
whole. 

Thirdly, whilst the Author trusts that the style of the 
work will be found clear and intelligible, he does xiox 
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believe in the existence of any royal road to learning in 
Natural History, any more than in any other department 
of human knowledge. If Natural History is ever to be 
taught in schools, with any satisfaction to the teacher, or 
any profit to the learner, it must be taught as systematically 
and as unflinchingly as Mathematics and Greek have been 
taught for many generations. The Author is one of those 
who believe that the time is now approaching, if it be not 
already here, when the Natural Sciences will take their true 
place in school education, as second to no other branch of 
knowledge, either as regards their intrinsic value and in- 
terest, or regarded merely as a means of developing the 
mental powers. Acting upon this belief, the Author has 
therefore treated his subject in a purely scientific spirit; 
and whilst avoiding as much as possible the use of tech- 
nicalities, he has not endeavoured to lend his subject any 
false glitter or embellishment ; firmly believing that there is 
even a certain mental training involved in the recognition 
that a strictly scientific description is not without its own 
charms and beauties. Whilst the use of technical terms 
has been as far as possible restricted, it is believed that an 
explanation of every unavoidable term will be found in the 
Glossary, or is appended in the text 

Lastly, the illustrations, with few exceptions, have been 
drawn on the wood by the Author, and he has thought it 
wise to wholly eschew the use of pictorial illustrations, as 
unnecessary in a scientific work, however elementary it 
may be. 



PREFACE TO THE THIRD EDITION. 



With regard to the present Edition of this work, the 
Author has only to say that he has submitted it to a 
thorough revision, and, to the best of his ability, has 
brought it up to the present standard of our knowledge. 
As the work is intended solely for the use of Junior 
Students, it has not been deemed advisable to make fun- 
damental alterations in its general plan, or to materially 
change the classification followed in previous Editions, 
save in those instances in which there is now a general 
consensus of opinion. The more important recent additions 
to our acquaintance with the recent fauna of the world 
have, however, been noticed in the text, and fresh illustra- 
tions have been introduced where this appeared to be 
desirable. 



United College, St Andrews, 
September 1878. 
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ZOOLOGY. 



INTRODUCTION. 

I. Definition of Biology and Zoology. 

All natural objects may be roughly divided into three groups 
constituting the so-called Mineral, Animal, and Vegetable 
kingdoms. The objects comprised in the mineral kingdom are 
all devoid of life, and they exhibit the following characters : 
CL, Their chemical composition is simple. They consist of 
either a single element, as is the case, for instance, with native 
gold ; or, if combined, they almost always occur in nature in 
the form of simple compounds, composed of no more than two 
or three elements — as, for example, common salt, limestone, 
plaster of Paris, and many others, b. Mineral bodies are, when 
unmixed, composed of similar particles, which have no definite 
relations to one another; or, in other words, they are homo- 
geneous, c. The form of mineral bodies is either altogether 
indefinite, when they are said to be " amorphous ; ** or, if they 
have a definite shape, they are crystalline, in which case they 
are usually bounded by plane surfaces and straight lines, d. 
When mineral bodies increase in size, as crystals may do, the 
increase is produced simply by the addition of particles from 
the outside (technically called " accretion "). e. Mineral bodies 
exhibit no phenomena which are not purely physical and 
chemical, and they show no tendency to periodic changes of 
any kind. 

All the bodies which exhibit these characteristics properly 
belong to the mineral kingdom, and fall to be treated oi \s^ ^^ 

A 



2 INTRODUCTION. 

sciences of Geology, Mineralogy, Chemistry, and Physics. It 
should be borne in mind, however, that in the case of what are 
called "fossils" or "petrifactions," we have mineral bodies 
which owe their existence and characters to living beings 
which existed at former periods in the history of the earth. 
For this reason, fossils, though composed of mineral matter, 
cannot be said properly to belong to the mineral kingdom. 

On the other hand, the objects which belong to the animal 
and vegetable kingdoms differ from those which are comprised 
in the mineral kingdom in the following points : a. They are 
composed of few chemical elements, of which carbon, hydro- 
gen, oxygen, and nitrogen are the most important ; and these 
elements are combined to form complex organic compounds, 
which always contain a large proportion of water, are very un- 
stable, and are prone to spontaneous decomposition, b. They 
are composed of diverse or heterogeneous parts, which have 
usually more or less definite relations to one another. These 
heterogeneous but related parts are termed " organs," and the 
objects possessing them are said to be "organised." Some of 
the lowest forms of animals have bodies composed of so uni- 
form a substance that they cannot be said to be organised, as 
they exhibit no definite organs. This exception, however, does 
not affect the general value of this distinction, c. They are al- 
ways more or less definite in shape, presenting concave and 
convex surfaces, and being bounded by curved lines, d. When 
they increase in size, or " grow," they do so, not by the addition 
of particles from the outside, but by the reception of foreign 
matter into their interior and its assimilation there (technically 
called "intussusception"), e. Lastly, they invariably pass 
through certain periodic changes in a definite and discoverable 
order, — these changes constituting life. 

All the objects, then, which fulfil these conditions, are said 
to be alive ; and they all belong either to the animal or to the 
vegetable kingdom.* The study of living objects of all kinds, 
irrespective of which kingdom they belong to, is conveniently 
called by the general name of Biology (Gr. bios, life ; and logos, 
discourse). As all living objects, however, may be referred to 
one or other of these two kingdoms, so Biology may be divided 

* As will be mentioned immediately, it has been proposed to form an intermediate 
kingdom between the animal and vegetable kingdoms for the reception of organisms 
which cannot certainly be stated to be either plants or animals. There does not ap- 
pear, however, to be any necessity for this in the meanwhile. 
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into the two sciences of Botany, which treats of plants, and 
Zoology (Gr. zoon, animal; logos, discourse), which treats of 
animals. The term Natural History, again, is generally under- 
stood nowadays as being equivalent to Zoology alone, though 
originally it was applied to the study of all natural objects in- 
discriminately. 

2. Differences between Animals and Plants. 

It now becomes necessary to inquire into the differences 
which subsist between animals and plants, and which enable 
us to separate the kindred. sciences of Zoology and Botany. It 
might have been thought that nothing could be easier than to 
determine the animal or vegetable nature of any g^ven organ- 
ism ; and such, indeed, was the almost universal belief of older 
observers. In point of fact, however, no hard-and-fast line can 
be drawn, in the present state of our knowledge, between the 
animal and vegetable kingdoms, and it is often a matter of ex- 
treme difficulty, or even wholly impossible, to decide positively 
whether we are dealing with an animal or a plant So deeply 
has this difficulty been felt of late, that a most able zoologist — 
Dr Ernst Haeckel — has proposed to form an intermediate 
kingdom, which he calls the Regnum Protisticum, and in 
which he proposes to place all organisms of a doubtful char- 
acter. Even such a cautious observer as Professor Rolleston, 
whilst questioning the propriety of this step, is forced to come 
to the conclusion that "there are organisms which at one 
period of their life exhibit an aggregate of phenomena such as 
to justify us in speaking of them as animals, whilst at another 
they appear to be as distinctly vegetable." In the case of the 
higher members of the two kingdoms there is no difficulty in 
arriving at a decision. The higher animals are readily sepa- 
rated from the higher plants by the possession of a distinct 
nervous system, of locomotive power which can be voluntarily 
exercised, and of an internal cavity fitted for the reception and 
digestion of solid food. The higher plants, on the other hand, 
possess no nervous system or organs of sense, are incapable of 
voluntary changes of place, and are not provided with any 
definite internal cavity, their food being wholly fluid or gaseous. 

The lower animals (Protozoa) cannot, however, be separated in many 
cases from the lower plants (Protophyta) by these distinctions, since 
many of the former have no digestive cavity, and are destitvile o^ 2l uti- 
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vous system, and many of the latter possess the power of active locomo- 
tion. In determining, therefore, the nature of these ambiguous organ- 
isms, the following are the chief points to be attended to : — 

Firstly , As to mere form or external configuration, no certain rules 
can be laid down for separating animals and plants. Many of the lower 
plants, either in their earlier stages of existence or when grown up, are 
exactly similar in form to some of the lower animals. This is the case, 
for example, in some of the Algcs^ which closely resemble some of the 
Infusorian animalcules. Many undoubted animals, again, are rooted to 
solid objects in their adult state, and are so plant-like in appearance as 
to be always popularly regarded as vegetables. This is the case with 
many of the so-called hydroid zoophytes, such as the sea-firs, and also 
with the much more highly organised sea-mats (Fiustra\ all of which 
are usually regarded as sea-weeds by seaside visitors. This is also, but 
less strikingly, the case with the corals and sea-anemones, of which the 
latter are often spoken of as "sea-flowers." 

Secondly f No decided distinction can be drawn between animals and 
plants as to their minute internal structure. Both alike consist essen- 
tially of minute solid particles (molecules or granules), of cells, or of 
fibres. 

Thirdly, As regards chemical composition, there are some decided, 
though not universal, differences between plants and animals. As a 
general rule, it may be stated that plants exhibit a decided predominance 
of what are known to chemists as ** ternary compounds " — that is to 
say, compounds which, like sugar, starch, and cellulose, are composed 
of the three elements, carbon, hydrogen, and oxygen. They are, com- 
paratively speaking, poorly supplied with "quaternary" compounds, 
which contain the fourth element, nitrogen, in addition to the three 
first mentioned. Animals, on the other hand, are rich in quaternary 
nitrogenised compounds, such as albumen or fibrine. Still in both 
kingdoms we find nitrogenised and non-nitrogenised compounds, and 
it is only in the proportion which these bear to one another in the 
organism that animals differ in any way from plants. The most 
characteristic of all vegetable compounds is the one known as cellulose, 
very nearly allied in its chemical composition to ordinary starch. As 
a general rule, it may be stated that the presence of an external envelope 
of cellulose in any organism raises a strong presumption as to its vege- 
table nature. Still cellulose is not exclusively confined to plants, as 
was at one time believed. It is now well known that the outer cover- 
ing of the so-called sea-squirts or Ascidian Molluscs contains a large 
quantity of cellulose (as much as 60 per cent in some cases) ; and 
recent researches seem to prove that this substance is present also in 
some of the lower forms of animal life. Another highly characteristic 
vegetable product is chlorophyll, the green colouring-matter of plants. 
Any organism which exhibits chlorophyll in any quantity as a proper 
element of its tissues is most probably vegetable. In this case also, 
however, the presence of chlorophyll cannot be regarded as a certain 
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test, since it occurs regularly in some undoubted animals (e.g.^ Stentor 
amongst the Infusoria^ and the Hydra viridis, or green fresh-water 
polype, amongst the CcdenUrata\ 

Fourthly^ As regards locomotive ^ower^ or the ability to effect changes 
of place at will, the results of observation are singularly at variance with 
our preconceived notions. Before the invention of the microscope, no 
instances of independent voluntary movements were known in plants, if 
we except the voluntary opening and closure of flowers and their turn- 
ing towards the sun, the drooping of the leaves of sensitive plants under 
irritation, and some other phenomena of a like nature. Now, however, 
we know of many plants which are endowed, either when yotmg or 
throughout life, with the power of effecting voluntary movements appar- 
ently as spontaneous and independent as those exhibited by the lower 
animals. In some cases the movements are brought about by means of 
little vibrating hairs or cilia with which a part or the whole of the sur- 
face is furnished. In other cases the movements seem to be certainly 
not produced by cilia, but their exact cause is obscure [e.g., in the 
Diatotnacea and Desmidia, two of the lower orders of plants, all of which 
are microscopic in size). When it is added that many animals are per- 
manently fixed and rooted to solid objects in their fully-grown condition, 
it will be seen that no absolute distinction can be drawn between ani- 
mals and plants merely on the ground of the presence or absence of 
independent locomotive power. 

Fifthly, We have shortly to consider one of the most reliable of all 
the tests by which an animal may be separated from a plant — namely, 
the nature of thefood, and the products which are formed out of the 
food within the body. 

The differences between animals and plants in this respect may be 
roughly stated as follows : — 

1. Plants live upon purely inorganic substances, such as water, car- 
bonic acid, and ammonia — and they have the power of making, out of 
these, true organic substances, such as starch, cellulose, sugar, &c. 
Plants, therefore, take as food very simple bodies, and manufacture 
them into much more complex substances, so that plants are the great 
producers in nature. 

2. Plants in the process of digestion break up carbonic acid into the 
two elements of which it is composed — namely, carbon and oxygen, 
keeping the carbon and setting free the oxygen. As carbonic acid 
occurs always in the air in small quantities, the result of this is that 
plants remove carbonic acid from the atmosphere and give out oxygen. 

3. Animals, on the other hand, have no power of living on inorganic 
matters, such as water, carbonic acid, and ammonia. They have no 
power of converting these into the complex organic substances of which 
their bodies are composed. On the contrary, animals require to be 
supplied with ready-made organic compounds if their existence is to be 
maintained. These they can only get in the first place from plants, and 
therefore animals are all dependent upon plants for food eilVi^ ^Tec\\^ 
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or indirectly. Animals, therefore, differ from plants in requiring as 
food complex organic bodies which they ultimately reduce to very much 
simpler inoi^nic bodies. Whilst plants, then, are the great manufac- 
turers in nature, animals are the great consumers. Another distinction 
arising from the nature of their food is, that whilst plants decompose 
carbonic acid, keeping the carbon and setting free the oxygen, animals 
s^bsorb oxygen and give out carbonic acid, so that their reaction upon 
the atmosphere is the reverse of that of plants. 

As regards these general distinctions between plants and animals, 
there are two points which should be remembered :— 

1. That even if universally true, these distinctions can often not be 
applied in practice to the ambiguous microscopic organisms about 
which alone any doubt can be entertained. 

2. These general laws are certainly not of universal application in the 
case of plants. Some fungi are known which in the matter of food are 
animals — that is to say, they cannot live upon inorganic materials alone, 
but require ready-made organic products for their support ; and some 
of the higher plants live in part upon animal food. 

3. Classification. 

By the term classification is understood the arrangement of a 
number of dissimilar objects of any kind into larger or smaller 
groups according as they exhibit more or less likeness to one 
another. The number of different animals is so enormous that 
it was long ago perceived that some classification of them, or 
method of arranging them into groups, was absolutely indispen- 
sable. Without some such arrangement it would have been 
utterly impossible to have ever acquired a clear notion of the 
animal kingdom as a whole. In the older arrangements animals 
were grouped in accordance with some particular character, 
which might or might not be a really essential one ; and the 
result was that these classifications were " artificial," and not 
*' natural," as they are when all the characters are taken into 
consideration. To take a familiar example of this : when we 
speak of ** quadrupeds," we really do so in consequence of our 
having, consciously or unconsciously, formed something like a 
rough classification of the animal kingdom. We have a dim 
idea that all animals with four legs belong together somehow, 
and form a single group. Our classification, however, is founded 
upon a single character only — the possession, namely, of four 
legs; and it is, therefore, a purely artificial arrangement. It 
will, however, be practically good or bad, just as this single 
character expresses a genuine and fundamental distinction, or 
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is of a merely trivial and superficial nature. The instance 
here chosen will serve to illustrate either case. If we insist 
upon the fact that all the four leg^ must be externally visible, 
unmistakable legs/ never fewer in number than four, then our 
classification is a very bad one, in fact entirely "artificial." In 
this case our group of " quadrupeds ** will comprise only the 
ordinary four-legged mammals, such as oxen, sheep, horses, 
and suchlike — ^together with the very dissimilar groups of the 
four-legged reptiles and amphibians, such as tortoises, lizards, 
crocodiles, frogs, and newts. Now these different animals 
have certainly much in common ; but we are not justified in 
placing them together simply upon the ground that they have 
four conspicuous legs, unless we are willing to put in a vast 
number of other animals as well. We must, in fact, put in a 
great number of animals which are not quadrupeds in the sense 
that they have four legs, but which agree with those that have 
four legs in the other fundamental and essential points of their 
structure. In this way we may arrive at a very genuine and 
natural classification by making some concessions. We must 
allow, for instance, that two of the legs or limbs, ceasing to be 
fit for walking, may be converted into organs of flight, or wings. 
This will let in the birds. We must allow, again, that all the 
limbs may be converted into fins. This admits most of the 
fishes. We must further grant that two of the legp may be 
altogether absent, whilst the remaining two are converted into 
swimming-paddles. This will bring in the whales and dolphins. 
Lastly — and this is the greatest admission of all — we must allow 
the total absence of all the limbs, provided the animal only 
show those other essential characters which are invariably found 
to go along with the possession of four legs in the regular quad- 
rupeds. This will bring in the snakes and some of the fishes. 
So that, paradoxical as it may seem, it is in one sense scientifi- 
cally correct to speak of a snake as a quadruped, though in 
reality it has no legs at all. In other words, there is no reason 
why a snake should not some day be found with four legs, and 
in point of fact some snakes show rudiments of these append- 
ages. Making these allowances, and some more of a similar 
nature, we may ultimately succeed in converting our division 
of Quadrupeds into a strictly scientific group, comprising the 
Mammals, the Birds, the Reptiles, the Amphibia, and the 
Fishes. In fact, our group of Quadrupeds now agrees exactly 
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with the great and natural division of the Vertebrata^ or verte- 
brate animals. It is true that all vertebrate animals have not 
got four limbs, or not obviously so, but they never have more 
than four under any circumstances ; and a closer examination 
soon shows us that they agree with one another in many other 
characters which are of much greater importance than the 
characters of the limbs alone. 

We have arrived, then, at the grand principle of all good 
classification — namely, that we should group together those 
objects only which are united by essential and fundamental 
points of similarity, and that in so doing we should ignore 
all mere superficial resemblances. The question now arises, 
What are these essential and fundamental points in the case of 
animals ? 

If for the moment we look at animals simply as so many 
machines, we shall not find much difficulty in answering this 
question. Let us suppose ourselves placed in a gigantic work- 
shop full of an immense number of complicated and curiously- 
constructed machines of different sorts, and asked to put them 
in order — to put those of one kind in one place, and those of 
another kind in a different place. How should we proceed to 
act ? Supposing, in the first place, that all the machines were 
at a* stand-still, all that could be done would be to examine 
carefully the external form and internal structure of each, and 
to do our best to pick out some peculiarity which would distin- 
guish some from all the others. In this way, if our mechanical 
knowledge were sufficiently extensive, we should no doubt 
ultimately succeed in classing all our machines into something 
like a rough natural arrangement. We should, for instance, 
have those made on the principle of the lever in one place, 
those on the principle of the inclined plane in another, and 
those on the principle of the pulley in a third. Still our classi- 
fication would most certainly be imperfect, and in some cases 
altogether incorrect. In some instances the parts of the ma- 
chine would be so complex as to be utterly incomprehensible, 
and in many cases our ignorance of what each was intended 
to effect would be an insuperable bar to our arriving at any 
arrangement Suppose now, however, that all the machines 
were suddenly set in motion, so that we could see not only the 
manner in which they were constructed and the materials of 
which they were composed, but could also see what they could 
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do — could see, in fact, for what work each is intended. The task 
of arrangement now becomes immensely easier. Our previous 
classification, founded simply upon the structure of the ma- 
chines, is now supplemented and rectified by our knowledge of 
what each is able to effect One machine is found performing 
one set of actions, another a different set ; and in this way not 
only is our classification rendered much easier, but we now 
get an insight into the meaning and nature of many points of 
structure which were formerly obscure. 

To make this illustration fully meet the case of the naturalist 
who deals with living beings only, we have simply to suppose 
that the machines to be examined are reasonably perfect in 
their parts and fit for work, and that our imaginary workshop is 
supplied with a reasonable amount of light, not very brilliant, 
perhaps, and striking upon some objects more sharply than on 
others, but still on the whole moderately steady and uniform. 
Far worse, however, is the case of the naturalist who has to 
deal with the remains of extinct generations of animals and 
plants, whose work lies amongst those relics of a bygone world 
which are known as "fossils" or "petrifactions" — objects in 
many cases more wonderful and more perplexing and more 
beautiful than the most ornate and elaborate productions of 
human skill. In his case the workshop is a vast and gloomy 
vault or charnel-house, with no internal source of light, and but 
fitfully illuminated by uncertain gleams from the world without 
And what is worse than this, his machines are mutilated and 
defaced, in many cases wanting their most important parts, in 
all cases destitute of life and motion, and usually very unlike 
anything visible at the present day. Nevertheless it is almost 
incredible with what certainty and precision a mere fragment 
of a fossil, a single tooth or bone, can be referred by a skilled 
worker in this field of science to its proper place in the animal 
kingdom — with what exactitude the missing parts can be 
restored — ^and what splendid generalisations can be drawn from 
what at first sight would appear to be the most fragmentary 
evidence. 

This imaginary illustration exactly expresses the points which 
are to be regarded as essential and fundamental in classifying 
and arranging animals. We have to look, nannely, Jirs^fy, to 
the plan upon which each animal is constructed ; secondly^ to 
the manner in which it discharges its vital functions. Thes^ 
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are the two points of view from which every organism may be 
regarded — in their nature quite distinct, and indeed sometimes 
apparently opposite. From the one point of view we have to 
look solely to the laws, form, and arrangement of the structures 
of the organism. This constitutes what is technically called 
" Morphology," or the science of form (from the Greek words, 
morph^t form ; and logos^ a discourse). From the second point 
of view, we are concerned simply with i\it functions discharged 
by the different parts of the organism, and this constitutes what 
is known as " Physiology." It is most important to remember 
that there are no other points in which it is possible for one 
animal to differ from another. If two animals are different, they 
must differ in one or other or in both of these points. Either 
they differ morpho logically ^ in being constructed upon altoge- 
ther different plans ; or they differ physiologically, in performing 
a different amount of vital work in a different manner, and with 
different instruments ; or they differ both morphologically and 
physiologically. Philosophical classification, therefore, inso- 
much as it depends entirely upon a due appreciation of what 
are the real differences between different animals, is nothing 
more than an attempt to express formally the facts and laws of 
Morphology and Physiology. 

Examining next into the nature and extent of the morpho- 
logical or structural differences between different animals, we 
find that these are much less and much fewer than might have 
been thought. By one not previously acquainted with the sub- 
ject, it might readily be supposed that every kind of animal was 
constructed upon a type or plan peculiar to itself and not shared 
by any other. We should certainly suppose, for example, that 
animals so different as a lobster and a butterfly were built upon 
different types or plans of structure. When we come, however, 
to examine the question, we find that this is not the case. The 
lobster and the butterfly are constructed upon the same struc- 
tural plan or morphological type. What is still more remark- 
able, we find that all known animals, in spite of their immense 
differences in external appearance, are really cohstructed upon 
no more than some half-dozen primary plans of structure or 
morphological types. These types are all different from one 
another, but there is no animal yet known to us, living or ex- 
tinct, which cannot be referred to one or other of these six 
plans. These plans, then, give us the primary basis for a classi- 
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fication of the animal kingdom — ^all the animals' formed upon 
one plan being grouped together so as to form a single division. 
The animal kingdom, therefore, is primarily divided into six 
great sections corresponding to the six morphological types, and 
these sections are known to naturalists under the name of the 
" sub-kingdoms." Each of these sub-kingdoms has its special 
name, and it is the object of the present work to describe the 
leading characters and more important examples of each. 

We have to understand, then, that all the animals belonging 
to each sub-kingdom agree with one another in their morpho- 
logical type, or, in other words, in the plan upon which they 
are constructed ; and the question now arises how they can be 
separated from each other. If they agree morphologically, there 
is only one other way in which they can differ, and that is pAy- 
siologicalfyt in the manner in which they discharge their vital 
functions. Consequently, all animals which agree with one 
another in their plan of structure, and which are therefore 
placed in the same sub-kingdom, are separated from one another 
solely by their physiological perfection. In other words, as 
machines, they are constructed of the same fundamental parts, 
but they do their work in a different way and with different 
instruments. 

Returning to our old illustration, suppose we had separated 
from the mass of machines before us all those which were in- 
tended to mark the lapse of time, and had in this way assem- 
bled a large collection of hour-glasses, watches, timepieces, 
and clocks, and suppose that we wanted to arrange these more 
minutely, we should soon discover that each of these different 
time-keepers was formed upon a principle peculiar to itself. 
The hour-glasses, as the most simple, would form one division ; 
the timepieces and clocks, possessing pendulums, would form 
another ; and the watches would form a third. These, as being 
constructed upon different plans, would constitute three distinct 
groups, which we should call classes or sub-kingdoms accord- 
ing to the value we might see fit to place upon the differences 
between them. But we must further suppose that we wished 
to divide one of these groups — say the watches — into still 
smaller groups. If they were all standing, we should probably 
find this a matter of very great difficulty. The moment, how- 
ever, that they commenced to go — or, in other words, to per- 
form their own peculiar function — we should soon see that 
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some would 'be different to the others. Some, for instance, 
would strike the hours, and these would have to be laid aside 
in a group by themselves. And we should further discover 
that in accordance with the difference in the function, there 
would be an equivalent difference in the structure, of these two 
groups. The striking watches would be formed upon the same 
fundamental type as those which did not strike ; but, in addition 
to the broad and general details of structure in which all were 
the same, the striking watches would have a special apparatus or 
structure fitted for striking the hours. The non-striking watches 
would be destitute of this apparatus, so that the physiological 
or functional difference between the two groups would thus 
entail a corresponding difference in structure. 

It is just the same with animals. If we take a lobster, a 
butterfly, a scorpion, and a spider, we find that, dissimilar as 
they are in external appearance, they are all constructed upon 
the same fundamental plan. They agree in morphological type, 
and they belong to the same sub-kingdom. They lead different 
lives, however — they are placed under different conditions — and 
they discharge different functions in the general economy ot 
nature. They differ, therefore, physiologically; and as every 
physiological difference implies a corresponding structural dif- 
ference, they differ structurally as well. But they differ struc- 
turally only because they differ physiologically, and in all the 
really essential details of their structure they are the same. 
The lobster is aquatic in its habits, and has therefore gills, or 
organs adapted for breathing air dissolved in water. The but- 
terfly is aerial, and has respiratory organs adapted for breathing 
air directly, and not through the medium of water. They differ, 
then, physiologically, and therefore necessarily, in the corre- 
sponding structure. Both, however, have distinct organs set 
apart and dedicated to the function of respiration. This is an 
essential and fundamental point in their structure, and in this 
they both agree with one another and differ from a large number 
of animals in which there are no distinct breathing-organs. It is 
only by the combined effect of a number of these physiological 
differences, taken collectively, that the lobster and the butterfly 
come ultimately to be so strikingly distinct from one another. 

It is now possible to comprehend fully the principles upon 
which a naturalist proceeds in framing a classification of the 
animal kingdom. His great primary divisions are founded 
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upon differences in the fundamental details of structure. His 
smaller divisions are based upon the less important physiological 
differences with their corresponding structural distinctions. Of 
course, in carrying out this programme of a truly philosophical 
and natural classification, the naturalist works to a g^eat extent 
in the dark, and is liable to many sources of error. It is by no 
means always easy to determine what points of structure are 
essential and fundamental, and what are only caused by physio- 
logical differences. Such, too, is the constitution of the human 
mind, that different observers place different values upon the 
same structures ; points which some look upon as of essential 
value are regarded by others as of a merely superficial nature. 
Nevertheless there can be no doubt that the progress of 
Natural History as a science has been strictly conterminous 
with the development of these great principles of classification. 

In the present work an outline is given of the morphological 
differences between all the larger groups of the animal kingdom, 
but it may be as Well here to say a few words upon the subject 
of Physiology. As already remarked. Physiology treats of all 
the functions exercised by living bodies, or discharged by the 
various definite parts or organs of which most animals are 
composed. All these various functions come under three great 
heads : i. Functions of Nutrition, comprising all those func- 
tions by means of which an animal is able to live, grow, and 
maintain its existence as an individual. 2. Functions of Repro- 
duction^ comprising all the functions by which fresh individuals 
are produced and the perpetuation of the species insured. 3. A 
series of functions which are known by the somewhat mis- 
leading name of the Functions of Relation or of Correlation. 
Under this term are included all those functions by means of 
which external objects are brought into relation with the or- 
ganism, and by which it, in turn, reacts upon the outer world. 
The functions of nutrition and reproduction are often spoken 
of collectively as the functions of "organic" or "vegetative" 
life, as being common to animals and plants alike. The func- 
tions of relation, again, are often called the functions of 
"animal" life, as being most highly developed in animals. 
These functions, however, though more highly characteristic of 
animals, are not peculiar to them, but are manifested to a 
greater or less extent by various plants. 

As regards animals, all alike, whatever their structure may 
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be, perform the three great physiological functions— that is to 
say, they all nourish themselves, reproduce their like, directly or 
indirectly, and have certain relations with the external world. 
When we come, however, to compare animals together physio- 
logically, it is soon seen that the functions of relation stand in 
quite a different position to that occupied by the functions of 
nutrition and reproduction. 'As far as these last are concerned, 
there can be no difference in the amount or perfection of the 
function discharged by the organism. The simplest and most 
degraded of animals — ^say a sponge — nourishes itself as per- 
fectly, as far as the result to itself is concerned, as does the 
highest of animals. Nutrition can do no more than maintain 
the body of any animal in a healthy and vigorous condition. 
This is the highest possible perfection of the function, and it 
is attained as fully and perfectly by the sponge as it is by man 
himself. The same holds good of reproduction. Whilst the 
functions of nutrition and reproduction are thus, as regards 
their essence and results, the same in all animals, it must be 
remembered that there are enormous differences in the manner 
in which the functions are discharged. The result attained 
is in all cases the same, but it may be arrived at in the most 
different ways and with the most different apparatus. As re- 
gards the functions of relation, on the other hand, we have 
every possible grade of perfection exhibited as we ascend from 
the lowest members of the animal kingdom to the highest. So 
numerous, in fact, are the changes in these functions, and so 
great the additions which are made in the higher organisms, 
that it may be doubted if there exists any common element by 
which a comparison can be drawn on this head between the 
higher and lower animals. It may reasonably be doubted 
whether in this respect a horse or a dog has anything in com-" 
mon with a sponge. 

Instead of giving here a general sketch of each of the great 
physiological functions as a whole, it may be as well to accom- 
pany the morphological account of each primary division of 
animals with a short account of the manner in which the vital 
functions are carried out in the same. In this way a clearer 
view will be obtained of the gradual rise in physiological per- 
fection in passing from the bottom to the summit of the animal 
series. 

Homology and Analogy. — In connection with the morpho- 
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logical and physiological difTerences between animals, a short 
explanation may be given of the meaning of the terms Homo- 
logy and Analogy, which are in constant use in zoological 
works. When organs in different animals ag^ee with one 
another in their plan of structure, they are said to be " homo- 
logous," no matter what may be the functions which they per- 
form. For example, the arm of a man, the fore-leg of a horse, 
the wing of a bird, and the swimming-paddle of a dolphin or 
whale, are all composed essentially of the same structural ele- 
ments, and they are therefore said to be homologous, though 
they are fitted for altogether different functions. 

On the other hand, when organs in different animals perform 
the ssxti^ functionst they are said to be "analogous," whatever 
their fundamental structure may be. Thus the wing of a bat, 
the wing of a bird, and the wing of an insect, all serve for flight, 
and they are therefore "analogous" organs. They are all, 
however, constructed upon different plans, and they are, there- 
fore, not ** homologous." At the same time, however, it is to be 
remembered that there are plenty of cases in which organs in 
different animals are not only constructed upon the same plan, 
but also perform the same function, so that they are both homo- 
logous and analogous. 

General Divisions of the Animal Kingdom. 

As already stated, the entire animal kingdom may be divided 
into some half-dozen primary plans of structure or morphologi- 
cal types, to one or other of which every known animal is refer- 
able. These primary types are known to naturalists as the 
sub-kingdoms, under the following names : Protozoa, Coelente- 
rata, Annuloida, Annulosa, Mollusca, and Vertebrata, The 
characters and minor subdivisions of these sub-kingdoms form 
the subject of the remainder of this work. In the meanwhile, 
it is sufficient to state that the first five of these are often 
grouped together under the collective name of the Invertebrata, 
or " invertebrate animals." The Invertebrata, comprising the 
Protozoa, Coslenterata, Annuloida, Annulosa, and Mollusca, are 
collectively distinguished by the following points amongst 
others : The body, if divided transversely, or cut in two, shows 
only a single tube containing all the vital organs (fig. i, A). 
These organs, in the higher Invertebrata, consist of an alimen- 
tary or digestive cavity, a circulatory or " haemal " system, and 
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a ncnous or " ntural " system. The side of the body on which 
the " hatmal " or blood- vascular system is placed is called the 
" ha:mal aspect ; " whilst the side of the body on which the 
main masses of the ner\ous s}-stem are situated is called the 
" neural aspecL** When there is any skeleton, this is external 
(forming an " exo-skeleton "O. and it is really nothing more than 
a hardening of the skin. The limbs, when present, are tamed 
towards the neural aspect of the body. 

In the Vertebrata, on the other hand, the body, if transversely 
divided, exhibits two tubes. In one (fig. i. B) is placed the 
main mass of the ner\'ous system (the brain and spinal cord). 








Pig. I. — Diagrams representing transverse sections of (me of the higher Inveite* 
brata. A— and one of the Vertebrata, B. a Wall of the body; b Alimentuy 
canal ; c Haemal or blood- vascular system ; n Nervons system; «^ Cerehro-qpiBal 
axis, or brain and spinal cord of the Vertebrata, enclosed in a separate tube ; cA 
Notochord or chorda dorsalis. (Slightly altered from Huxley.) 

In the other tube are the alimentary canal, the haemal or blood- 
vascular system, and certain other portions of the nervous sys- 
tem which are known as the "sympathetic" system of nerves, 
and which correspond to, or are homologous with, the entire 
nervous system of the Invertebrata. Further, in the Vertebrata 
there is always an internal skeleton (or endo-skeleton), the cen- 
tral stem of which is usually constituted by a true backbone or 
" vertebral column." When this is not present, there is always 
a structure which will be afterwards described as the " noto- 
chord " or " chorda dorsalis." Lastly, the limbs of the Verte* 
brata, when present, are never more than four in number, and 
they are always turned away from the neural aspect of the body 
— away, that is, from the side on which the main masses of the 
nervous system are placed. 

Subjoined is a short tabular view of the main existing divi- 
sions of the Animal Kingdom, the characters and smaller divi- 
sions of which will be considered hereafter at length : — 
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INVERTEBRATE ANIMALS. 

Sub-Kingdom I.— Protozoa. 

Animal simple or forming colonies, osually very minute ; the body 
composed of the apparently structureless, jelly-like, albuminous sub- 
stance called "sarcode;** not divided into regular segments; having 
no nervous system ; no r^;ular circulatory S3rstem ; usually no mouth ; 
no definite body-cavity, or at most but a short gullet 

Class A. GREGARiNiDiC. — Minute Protozoa which inhabit the in- 
terior of insects and other animals, and which have not the power of 
throwing out prolongations of their substance (pseudopodia). No mouth. 
Class B. Rhizopoda (Root-footed Protozoa). — Protozoa which are 
simple or compound, and have the power of throwing out and retract- 
ing prolongations of the body-substance (the so-called " pseudopodia "). 
No mouth, in most, if not in all. 

Order i. Monera» — Ex, Protomyxa. 

Order 2, Amtebea, — Ex, Proteus Animalcule (Amoeba). 

Order 3. Foraminifera. — Ex. Lagena, Nodosaria, Globigerina. 

Order 4. Radiolaria, — Ex. ThalassicoUa, Polycystina. 

Order 5. Spongida, — Ex. Fresh -water Sponge (Spongilla), Ve- 
nus's Flower-Basket (Euplectella). 
Class C. Infusoria (Infusorian Animalcules). — Protozoa with a 
mouth and short gullet ; destitute of the power of emitting pseudo- 
podia ; famished with vibratile cilia or contractile filaments ; the body 
usually composed of three distinct layers. 

Order I. CUiata.-r-Ex, Bell-animalcule (Vorticella), Paramoecium. 

Order 2. Flagellata. — Ex, Peranema. 

Order 3. Suctoria, — Ex, Podophrya. 

Sub-Kingdom II. — Ccelenterata. 

Animals whose alimentary canal communicates freely with the gene- 
ral cavity of the body ; body composed essentially of two layers or 
membranes, an outer layer or ''ectoderm," and an inner layer or 
"endoderm." No circulatory S3rstem or heart, and in most no nervous 
system. Skin furnished with minute stinging organs, or '' thread-cells." 
^^istinct reproductive organs in alL 

Class A. Hydrozoa. — Walls of the digestive sac not separated 
from those of the general body-cavity, the two coinciding with one 
another. Reproductive organs external. 
Sub-class I. Hydroida (Hydroid Zooph3rtes). 

Order i. Hydrida, — Ex, Fresh-water Polype (Hydra). 

Order 2. Corynida. — Ex, Pipe-coralline (Tubularia) . 

Order 3. Serttdarida, — Ex, Sea-firs (Sertularia). 
Sub-class II. SiPHONOPHORA (Oceanic Hydrozoa). 

Order 4. Calycophorida, — Ex, Diphyes. 

B 
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Order 5, Pkysophorida, — Ex, Portuguese Man-of-War (Physalia). 
Sub-class III. DiscoPHORA (Jelly-fish). 

Order 6. Medusida, — Ex, Trachynema. 
Sub-class IV. LUCERNARIDA (Sea-blubbers). 
Order 7. Lucemariada, — Ex, Lucemaria. 
Order 8. Pdagida, — Ex, Pelagia. 
Order 9. Rhizostomida, — Ex, Rhizostoma. 
Sub-class V. GRAPTOLiTiDiE (extinct). 
Sub-class VI. HYDROCORALLiNiE. — Ex, Milleponu 
Class B. Actinozoa. — Stomach opening below into the body- 
cavity, which is divided into a number of compartments by a series of 
vertical partitions or ** mesenteries." Reproductive organs internal. 
Order i. Zoantharia, — Tentacles simply rounded, in multiples of 
five or six. — Ex, Sea- anemones (Actinidse), Star- 
corals (Astrseidae), Brain-corals (Meandrina), Madre- 
pores (Madreporidse). 
Order 2. Alcyonaria, — Tentacles fringed, in multiples of four. — 
Ex, Dead-man*s-toes (Alcyonium), Organ-pipe Coral 
(Tubipora), Sea -rods (Virgularia), Sea-pens (Pen- 
natula), Red Coral (Corallium), Heliopora. 
Order 3. Rugosa (extinct). 

Order 4. Ctenophora, — Animal oceanic, swimming by means of 
bands of cilia or "ctenophores." — Ex, Pleurobrachia, 
Venus's Girdle (Cestum). 

Sub-Kingdom III.— Annuloida. 

Animals in which the alimentary canal is completely shut off from the 
general cavity of the body, and in which there is a distinct nervous 
system. A true blood-circulatory system may or may not be present. 
In all there is a peculiar system of canals, which usually communicate 
with the exterior, and which constitute what is called the "water- 
vascular system." The body of the adult is never composed of a suc- 
cession of definite rings, or provided with successive pairs of appendages 
disposed symmetrically on the two sides of the body. 
The Annuloida are divided into two great classes : — 
A. ECHINODERMATA. — Integument composed of numerous calcare- 
ous plates jointed together, or leathery and having grains, spines, or 
tubercles of calcareous matter developed in it. Water-vascular system 
(ambulacral system) mostly employed in locomotion, and generally 
commimicatingwith the exterior. Adult generally more or less star-like 
or " radiate " in shape ; young mostly showing more or less complete 
"bilateral syirmietry,"— that is, showing similar parts on the two sides 
of the body. Nervous system radiate. 

Order I. Crinoidea (Sea -lilies). — Ex, Feather -star (Comatula), 
Medusa-head Crinoid (Pentacrinus), Stone-lily (En- 
crinus). 
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Order 2. Blastoidea (extinct). 

Order 3. Cystoidea (extinct). 

Order 4. Ophiuroidea (Brittle-stars). — Ex, Sand-stars (Ophiura), 
Brittle-stars (Ophiocoma). 

Order 5. Asteroidea (Star-fishes). — Ex, Cross-fish (Uraster), Sun- 
star (Solaster), Cushion-star (Goniaster). . 

Order 6. EchinoidM (Sea-urchins). — Ex. Sea -eggs (EUihinus), 
Heart-urchins (Spatangus). 

Order 7. Holothuroidea (Sea-cucumbers). — Ex, Trepangs (Holo- 
thuria). 
B. ScoLECiDA. — Body usually flattened, or cylindrical and worm- 
like ; integument soft, without lime. Water-vascular system not assist- 
ing in locomotion. Nervous system consisting of one or two ganglia or 
little masses, and not disposed in a radiate manner. 

Order i. Taniada, — Ex, Tape- worm (Taenia). 

Order 2. Trematoda (Suctorial worms). — Ex, Liver-fluke (Dis- 
toma). 

Order 3. Turbellaria, — Ex, Planarians (Planaria), Ribbon- 
worms (Nemertes). 

Order 4. AcanthocephcUa (Thorn-headed worms). — Ex, Echino- 
rhjmchus. 

Orders. G^^v^iiz^r^tf (Hair-worms). — Ex, Gordius. 

Order 6. Nematoda (Thread-worms). — Ex, Roimd-worm (Ascaris), 
Guinea- worm (Filaria), Vinegar-eel (Anguillula). 

Order 7. Rotifera (Wheel-animalcules). — Ex, Builder-animalcule 
(Melicerta), Flexible Creeper (Notommata). 

Sub-Kingdom IV. — Annulosa. 

Animal composed of numerous definite segments or "somites," ar- 
ranged longitudinally, one behind the other. Nervous system always 
present, consisting of a double chain of nervous masses, or ganglia, 
which are placed along the lower surface of the body, and form a collar 
around the gullet. Limbs (when present) turned toward that side of the 
body on which the main masses of the nervous system are situated. 

Division A. Anarthropoda. — Locomotive appendages, when 
present, not distinctly jointed or articulated to the body. 
Class I. Gephyrea. — Ex, Spoon- worms (Sipimculus). 
Class II. Annelida (Ringed-worms). 
Order I. Hirudinea, — Ex, Leeches (Sanguisuga, Hirudo). 
Order 2. Oligochata, — Ex, Earth-worms (Lumbricus), Water- 
worms (Nais). 
Order 3. Tubicola, — Ex, Tube- worms (Serpula). 
Order 4. Errantia, — Ex, Sand - worms and Sea - centipedes 
(Nereis), Lob-worm (Arenicola), Sea-mouse (Aphrodite). 
Class III. CHiETOONAXHA (Arrow- worms). — Ex, Sagitta. 
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Division B. Arthropod a. — Locomotive appendages jointed or 
articulated to the body. 

Class I. Crustacea. — Respiration aquatic, mostly by gills. Two 
pairs of antennae. Limbs more than four pairs in number, carried upon 
the thorax, and generally upon the abdomen also. 
Order i. Rhizocephala, — Ex, Peltogaster. 
Order 2. Ichthyophthira, — Ex, Lemsea. 
Order 3. Cirripedia, — Ex, Barnacles (Lepas), Acorn - shells 

(Balanus). 
Order 4. Ostracoda, — Ex, Water-fleas (Cypris). 
Order 5. Copepoda. — Ex, Cyclops. 
Order 6. Cladocera, — Ex, Branched-homed Water-fleas (Daph- 

nia). 
Order 7. Phyllopoda, — Ex, Brine-shrimp (Artemia). 
Order 8. TH^^i^a (extinct). 

Order 9. Merostomata, — Ex, King-crabs (Limulus). 
Order 10. LcBtnodipoda, — Ex, Whale-louse (Cyamus). 
Order II. Isopoda, — Ex. Wood-lice (Oniscus), Slaters (Ligia). 
Order 12. Amphipoda, — Ex, Sandhopper (Talitrus), Fresh- 
water Shrimp (Gammarus). 
Order 13. Stomapoda, — Ex. Locust-shrimp (Squilla). 
Order 14. Decapoda, — Ex, Lobster (Homarus), Cray - fish 
(Astacus), Shrimps (Crangon); Hermit-crabs (Pa- 
gurus) ; Crabs (Cancer, Carcinus), Land • crabs 
(Gecarcinus). 
Class II. Arachnida. — Respiration aerial, by pulmonary chambers 
or air-tubes (tracheae) in the higher forms. Antennae converted into 
jaws. Head and thorax amalgamated. Four pairs of legs. Abdo- 
men without limbs. 

Order i. PodosonuUa (Sea-spiders). — Ex, Pycnogonum. 

Order 2. Monomerosomata, — Ex, Mites (Acarus), Water -mites 

(Hydrachna), Ticks (Ixodes). 
Order 3. Adelarthrosomata, — Ex, Harvest-spiders (Phalangidae), 

Book-scorpions (Chelifer). 
Order 4. Pedipalpi, — Ex, Scorpions (Scorpio). 
Order 5. Araneida, — Ex, House - spiders (Tegenaria), Field- 
spiders (Epeira). 
Class III. Myriapoda. — Respiration aerial, by tracheae (air- 
tubes) or by the skin. Head distinct ; remainder of body composed of 
nearly similar segments ; legs more than eight pairs in number, and 
borne partly upon the abdomen. ' One pair of antennae. 
Order i. Chilopoda, — Ex, Centipedes (Scolopendra). 
Order 2. ChUognatha, — Ex, Millipedes (lulus). 
Order 3. Pauropoda, — Ex, Pauropus. 
Order 4. Onychophora, — Ex, Peripatus. 
Class IV. Insecta. — Respiration aerial, by tracheae. Head, 
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thorax, and abdomen distinct One pair of antennae. Three pairs of 
l^s, and generally two pain of wings on the thorax. No locomotive 
limbs on the abdomen. 

Order i. Anoplura, — Ex, Lice (Pediculus). 

Order 2. MaUophaga (Bird-lice). 

Order 3. Coliembola (Spring-tails). 

Order 4. Thysanura, — Ex, Lepisma. 

Order 5. Hemiptera, — Ex, Plant • lice (Aphides), Field • bug 

(Pentatoma), Cochineal Insects (Coccus). 
Order 6. Orthoptara, — Ex, Locusts (Acrydium), Grasshoppers 

(Gryllus), Crickets (Achetina), Cockroach (Blatta). 
Order 7, Neurt^tera, — Ex, White Ants (Termes), Dragon-flies 

(Libellulidae), May-flies (Ephemeridae). 
Order 8. Aphaniptera,—Ex, Fleas (Pulcx). 
Order 9. Diptera, — Ex, Gnats (Culex), Crane-flies (Tipula), 

House-flies and Flesh-flies (Musca). 
Order 10. I^epidoptera, — (Butterflies and Moths). 
(M.et\\, Hymenoptera, — Ex, Bees (Apids), Humble-bees 

(Bombidae), Wasps (Vespidse), Ants (Formidd<!e), 

Saw-flies (Tenthredinidae). 
Order 12. Strepsiptera, — Ex, Stylops. 
Order 13. CoUoptera (Beetles). 

Sub-Kingdom V.— Mollusca. 

Animal soft-bodied, generally with a hard covering or shell. Ner- 
vous system consisting of a single ganglion or of scattered pairs of 
ganglia. A distinct heart and breathing-organ, or neither. 

The Mollusca may be divided into the two following primary 
divisions, containing the following classes : — 

A. MOLLUSCOIDA. — Nervous sjrstem consisting of a single ganglion 
or of a principal pair of ganglia. No heart, or an imperfect one. 

Class L Polyzoa. — Animal alwajrs forming compound growths or 
colonies. No heart. The mouth of each zooid sur- 
rounded by a circle or crescent of ciliated tentacles. — 
Ex, Sea-mats (Flustra), Lace-coral (Fenestella). 

Class II. Tunicata. — Animal simple or compound, enclosed in a 
leathery or gristly case. An imperfect heart. — Ex, 
Sea-squirts (Ascidia). 

Class III. Brachiopoda. — Animal always simple ; the body en- 
closed in a bivalve shell. Mouth ftimished with two 
long fringed processes or ''arms.'' — Ex. Lamp-shells 
(Terebratula). 

B. Mollusca Proper. — Nervous sjrstem consisting of three princi- 

pal pairs of ganglia. Heart well developed, consisting 
of at least two chambers. 
Class IV. Lamellibranchiata (Bivalve Shell-fish).— No distmct 
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head ; no teeth. Body enclosed in a shell which is 
"bivalve," or composed of two distinct pieces. One 
or two leaf-like gills on each side of the body. — Ex, 
Oyster (Ostrea), Scallop (Pecten), Mussel (Mytilus). 

Class V, Gasteropoda. — A distinct head and toothed tongue. 
Shell absent in some, but mostly present, and consisting 
of a single piece ("univalve"). Locomotion effected 
by creeping about on the flattened under-surface of the 
body ("foot "), or by swimming by means of a fin-like 
modification of the same. — Ex. Whelks (Buccinum), 
Limpets (Patella), Sea-lemons (Doris), Land- snails 
(Helix), Slugs (Limax). 

Class VI. Pteropoda. — Animal oceanic, swimming by means of 
two wing-like appendages, one on each side of the 
head. Size minute. — Ex, Cleodora. 

Class VII. Cephalopoda. — Animal with eight or more arms, 
placed in a circle round the mouth. Mouth armed with 
jaws, and a toothed tongue. Two or four plume-like 
gills. In front of the body a muscular tube ( " funnel "), 
through which is expelled the water which has been 
used in respiration. An external shell in some, an in- 
ternal skeleton in others. — Ex, Calamaries (Loligo), 
Cuttle-fishes or Poulpes (Octopus), Paper - Nautilus 
(Argonauta), Pearly Nautilus (Nautilus). 
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Sub-Kingdom VI. — Vertebrata. 

Body composed of a number of definite segments arranged longitudir 
nally, one behind the other. The main masses of the nervous system 
are placed on the dorsal aspect of the body, and are completely shut 
off from the general body-cavity. The limbs (when present) are turned 
away from that side of the body on which the main nervous masses are 
situated, and are never more than four in number. In most cases, a 
backbone, or "vertebral column," is present in the fully-grown animal. 
Class I. Pisces (Fishes). — Breathing-organs in the form of gills ; 
heart usually of two chambers, rarely of three ; blood cold ; limbs, 
when present, converted into fins. 

Order I. Pharyngobranchii, — Ex, Lancelet (Amphioxus). 
•Order 2. Marsipobranchii, — Ex, Lamprey (Petromyzon), Hag- 
fish (Myxine). 
Order 3. TeUostH (Bony Fishes). — Ex, Eels (Mursenidae), Herrings 
(Clupeidse), Salmon and Trout (Salmonidae), Cod and 
Haddock (Gadidse), Flat-fishes (Pleuronectidse), Perch 
(Percidse), Mackerel (Scomberidse). 
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Order 4. Ganoidn. — Ex, Bony Pike (Lepidosteus), Paddle-fish 

(Spatularia), Sturgeon (Sturio). 
Order 5. Elasfnobranchu, — Ex, Sharks (Carcharidae), Dog-fishes 
(Scylliadae), Saw - fishes (Pristis), Rays and Skates 
(Raiidae). 
Order 6. DipnoL — Ex, Mud-fish (Lepidosiren). 
Class II. Amphibia (Amphibians). — Breathing-organs in the young 
in the form of gills alone, afterward lungs, either alone or associated 
with gills. Skull jointed to the backbone by two articulating surfaces 
{** condyles "). Limbs never converted into fins. Heart in the young 
of two chambers only, in the adult of three chambers. Blood cold. 
Order I. Labyrinthodontia (extinct). 
Order 2. Ophiomorpha, — Ex, Caecilia. 

Order 3. Urodela (Tailed Amphibians). — Ex, Water - newts 
(Triton), Salamanders (Salamandra), Axolotl (Sire- 
don), Mud -eel (Siren). 
Order 4. Anoura (Tailless Amphibians). — Ex, Frogs (Rana), 
Tree-frogs (Hyla),Toads(Bufo), Surinam Toads (Pipa). 
Class III. Reptilia (Reptiles). — Respiratory organs in the form 
of lungs, never in the form of gills. Heart three-chambered, rarely 
four-chambered, the pulmonary and systemic circulations always con- 
nected together directly, either in the heart itself or in its immediate 
neighbourhood. Blood cold. Skull jointed to the backbone by a 
single articulating surface or "condyle." Each half of the lower jaw 
composed of several pieces. Appendages of the skin in the form of 
scales or plates. 

Order i. Chelonia, — Ex. Turtles (Cheloniidae), Soft Tortoises 
(Trionyddse), Terrapins (Emydidae), I^nd Tortoises 
(Testudinidae). 
Order 2. Ophidia, — Ex, Vipers (Viperidae), Rattlesnakes (Crota- 
lidse). Sea-snakes (Hydrophidae), Boas and Pythons 
(Boidae). 
Order 3. Lacertilia, — Ex, Lizards (Lacerta), Iguanas (Iguanidae), 
Monitors (Varanidae), Chameleons (Chamaeleontidae). 
Order 4. Crocodilia, — Ex, Crocodiles, Alligators, Gavials. 
Order 5. Ichthyopterygia (extinct). — Ex, Ichthyosaurus. 
Order 6. Sauropterygia (extinct). — Ex, Plesiosaunis. 
Order 7. Pterosauria (extinct). — Ex, Pterodactylus. 
Order 8. AnomodonHa (extinct). — Ex, Dicynodon. 
Order 9. Deinosauria (extinct). — Ex, Iguanodon. 
Order 10. TheriodonHa, — Ex, Cynodraco. 
Class IV. Aves (Birds). —Respiratory organs in the form of lungs, 
never in the form of gills. Lungs connected with air-receptacles placed 
in different parts of the body. Heart four-chambered. Blood warm. 
Skull connected with the backbone by a single articulating surface or 
"condyle." Each half of the lower jaw composed of several pieces. 
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Appendages of the skin in the form of feathers. Cavities of the 
chest and abdomen not separated by a complete partition (diaphragm). 
Fore-limbs converted into wings. Animal oviparous. 
Sub-class I. RATlTiE. 

. Order i. Cursores (Runners). — Ex. Ostrich (Struthio), American 
Ostrich (Rhea), Emeu (Dromaius), Cassowary (Casu- 
anus), Apterjnc 

Sub-class II. CARINATiE. 

Order 2. Natatores (Swimmers). — Ex. Penguins (Spheniscidse), 
Gulls (Laridse), Ducks (Anatidae), Geese (Anserinae), 
Flamingos (Phsenicopteridae). 
Orders. Grallatores (Waders). — ^jc. Rails (Rallidae), Water- 
hens (Gallinulse), Cranes (Gmidse), Herons (Ardeidae), 
Storks (Ciconinse), Snipes and Woodcock (Scolopa- 
cidae). Plovers, Oyster-catchers, and Turnstones (Chaira- 
driidae). 
Order 4. Rasores (Scratchers). — Ex. Grouse, Ptarmigan, Part- 
ridges, Pheasants, Turkey, Guinea-fowl, Domestic 
Fowl, Pea-fowl (Gallinacei); Doves, Pigeons, Ground^ 
pigeons (Columbacei). 
Order 5, Scansores (Climbers). — Ex. Cuckoos (Cuculidae), Wood- 
peckers (Piddae), Parrots, Cockatoos, Parrakeets 
(Psittacidae), Toucans (Rhamphastidae), Trogons (Tro- 
gonidae). 
Order 6. Insessores (Perchers). — Ex. Crows, Magpies, and Jays 
(Corvidae), Starlings (Stumidae), Finches, Grosbeaks, 
Larks (Fringillidae), Thrushes, Blackbirds, Orioles 
(Merulidae), Creepers and Wrens (Certhidae), Hum- 
ming-birds (Trochilidae), Swallows and Martins (Hirun- 
dinidae), Swifts (Cypselidae), King-fishers (Alcedinidae). 
Order 7. Raptores (Birds of Prey).— ^;c. Owls (Strigidae), Fal- 
cons. Hawks, and Eagles (Falconidae), Vultures (Vul- 
turidae). 
Sub-class III. Saurornithes. 

Order 8. Saurune (extinct). — Ex. Archaeopteryx. 
Sub-class IV. Odontornithes. 
Order 9. OdontoUee (tiiXmci). — Ex, Hesperomis. 
Order 10, Odontotorma (extinct). — Ex. Ichthyomis. 
Class V. Mammalia (Mammals or Quadrupeds). — Respiratory 
organs in the form of lungs, which are never connected with air-sacs 
placed in different parts of the body. Heart four-chambered. Blood 
warm. Skull united to the backbone by two articulating surfaces or 
"condyles." Each half of the lower jaw composed of a single piece. 
Appendages of the skin in the form of hairs. Young nourished by 
means of a special fluid — the milk, — secreted by special glands — the 
mammary glands. Animal viviparous. 
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A. NoN-PLACENTAL MAMMALS.— The young not provided with a 
placenta. 

Order i. Motuftremata* — Ex. Duck -mole (Omithorh3mchus), 
Spiny Ant-eater (Echidna). 

Order 2. Marsupialiiu — Ex, Kangaroos (Macropodidae), Kan- 
garoo-bear (Phascolarctos), Phalangers (Pbalangis- 
tidse), Opossums (Didelphidae), Tasmanian Devil 
(Dasyorus). 

B. Placental Mammals. — The yonng provided with a placenta. 
Order 3. EdentcUa, — Sloths (Bradjrpodidse), Armadillos (Dasy- 

podidse), Hairy Ant-eaters (Myrmecophagidae), Scaly 
Ant-eaters (Manis). 

Order 4. Sirenia, — Ex, Manatee (Manatos), Dogong (Halicore). 

Order 5. CeUuea, — Ex, Whalebone- whales (Balaenidae), Sperm- 
whales (Physeteridae), Dolphins (Delphinid^). 

Order 6. Ungulctta (Hoofed Quadrupeds). — Ex, Rhinoceros ; 
Tapir ; Horse, Ass, and Zebra (Equidae) ; Hippopota- 
mus ; Hogs and Peccaries (Suida) ; Camels and Llamas 
(Camelidae) ; Giraffe; Stags, Elk, Rein-deer (Cervidae) ; 
Antelopes (Antilopidse) ; Sheep and Goats (Ovidae); 
Oxen and Buffaloes (Bovidae). 

Order 7. Dinocerata (extinct). — Ex. Dinoceras. 

Order 8. Tilhdontia (extmct).— ^j:. Tillotherium, 

Order 9. ToxodonHa (extinct). — Ex, Toxodon. 

Order 10. Hyracoidea, — Ex, Hyrax. 

Order il. Proboscidea, — Ex, Elephants (Elephas). 

Order 12. Camivora, — Ex, Seals (Phocidae), Bears (Ursidae), 
Racoons (Procyon), Badgers (Melidae), Weasels and 
Otters (Mustelidae), Civets and Genettes (Viverridae), 
Dogs, Wolves, and Foxes (Canidae) ; Hyaenas (Hyaeni- 
dae), Cats^ Lynxes, Leopards, Tigers, Lions (Felidae). 

Order 13. RodenHa. — Ex, Hares and Rabbits (Leporidae), 
Porcupines (Hystricidae), Beavers (Castoridae), Mice 
and Rats (Muridae), Dormice (Myoxidae), Squirrels 
and Marmots (Sciuridae). 

Order 14. Cheiroptera, — Ex, Common Bats (Vespertilionidae), 
Horseshoe Bats (Rhinolophidae), Vampire Bats (Phyl- 
lostomidae), Fox-bats (Pteropidae). 

Order 15. Insectivora, — Ex, Moles (Talpidae), Shrew - mice 
(Soricidae), Hedgehogs (Erinaceidae). 

Order 16. Quadrumana, — Ex, Aye - aye (Cheiromys), Lemurs 
(Lemuridae), Spider • monkeys (Ateles), Howlers 
(Mycetes), Macaques (Macacus), Baboons (Cyno- 
cephalus), Gibbons (Hylobates), Orang (Simia), 
Gorilla and Chimpanzee (Troglodytes). 

Order 17. Bimana,-^Maii (Homo sapiens). 
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SUB-KINGDOM I. PROTOZOA. 

CHAPTER I. 

I. General Characters of the Protozoa. 2. Classi- 
fication. 3. GREGARINIDiE. 

The sub-kingdom Protozoa (Gr. protos, first; and zoon, an 
animal), as the name implies, is the lowest division of the ani- 
mal kingdom, and its limits are therefore necessarily not yet 
strictly defined. The Protozoa comprise an enormous number 
of animals, very many of which are so small as to be invisible 
to the naked eye, and can only be satisfactorily examined under 
pretty high powers of the microscope. For this reason, and 
because they are almost universally found in water, these crea- 
tures, often popularly called "animalcules," are almost un- 
known to the majority of people. Some few, however, attain a 
large size, and of these the sponges are familiar examples. 
The microscopical forms of the Protozoa swarm in most stag- 
nant pools, and in all waters charged with organic matter so as 
to afford them food. Every worker with the microscope is 
familiarly acquainted with them, and they exhibit phenomena 
which in many cases render them objects of the highest inte- 
rest. From their low position in the animal scale, it arises that 
the Protozoa are mainly characterised by the absence of organs 
and structures which occur in higher beings, and they possess 
few positive characters by which they can be distinguished. 

The Protozoa may be defined as animals^ generally of very 
minute size, composed of an albuminous jelly-like substance 
{called " sarcode "), showing no composition out of distinct seg- 
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meniSt having no distinct internal cavity, no nervous system, 
and either no organs devoted to digestion, or at best a very rudi- 
mentary alimentary apparatus. 

Of all the points enumerated in this definition as charac- 
teristic of the Protozoa^ none is more important than the nature 
of the body-substance. The body in all known Protozoa is 
composed of a substance which is generally known by the 
name of " protoplasm " — or, better, " sarcode " (Gr. sarx^ flesh ; 
eidos, form). This sarcode is a gelatinous substance, very like 
white-of-egg to look at, and really of nearly the same chemical 
constitution, consisting mainly of albumen, or of some body 
allied to albumen. Generally, however, it contains numerous 
oil-globules scattered through it. The sarcode shows the phy- 
siological property of "contractility" — that is to say, under 
appropriate stimuli, or at the will of the animal, it may be 
made to contract or shorten its dimensions, thus giving rise to 
movements. As a rule, no other structures appear in the sar- 
code except minute rounded particles, or granules and mole- 
cules, but in some cases larger definite structures are formed 
out of it. Of this nature is the so-called " nucleus " found in 
many Protozoa, 

As regards their internal structure, some Protozoa exhibit 
nothing worthy of the name of structure at all, the entire body 
being simply composed of sarcode, containing scattered granules 
(for example, the Monera), In other cases there are found 
certain definite bodies which are known as the " nucleus " and 
" nucleolus," and which are usually, if not always, connected 
with reproduction. Very often, too, there are found certain 
minute cavities or chambers which close and expand at definite 
intervals, and which are known as the " contractile vesicles." 
These are, doubtless, rudimentary organs of circulation. In 
one division of the Protozoa (the Infusoria) there is a permanent 
mouth and a short gullet, but in all the others there are no 
definite organs connected with the process of digestion. In no 
Protozoon, however, without exception, have any traces of a 
nervous system been hitherto detected ; and in none, even in 
those which possess a mouth, is there any distinct and definite 
cavity or chamber within the body in which the particles of 
food are received. No organs of sense (except, perhaps, occa- 
sionally very rudimentary ones) exist in any of the Protozoa — 
that is to say, there are no distinct organs fitted for the recep- 
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tion of impressions produced by light or sound ; but the general 
surface of the body appears capable of receiving the impres- 
sions produced by contact with foreign bodies, and therefore 
acts as an organ of touch. The power of active locomotion is 
enjoyed by most of the Protozoa; but in some cases this is very 
limited, and in other cases the animal is permanently fixed (as 
in the sponges). The apparatus of locomotion in the Protozoa 
is of a varied nature. In many cases, especially in the higher 
forms, movements are effected by means of little hair-like pro" 
cesses, which are called " cilia " (Lat cilium, an eyelash), and 
which have the power of vibrating or lashing to and fro with 
great rapidity. In other cases the cilia are accompanied or 
replaced by one or more long whip-like bristles, which act in 
the same fashion, and are known as " flagella." Amongst the 
lower Protozoa the most characteristic organs of locomotion 
are the so-called " pseudopodia " (Gr. psetuios, falsity ; podes^ 
feet). These consist of variously-shaped filaments, threads, or 
finger-like processes of sarcode, which the animal can thrust 
out from any or every part of its body. They are not, however, 
definite and permanent organs like the cilia, for they can be 
produced at will, and when they are again withdrawn they 
simply melt into the sarcode of the body, and leave no traces 
of their existence. 

As regards the classification of the Protozoa^ a rough and 
useful division is into mouth-bearing or '* stomatode " Protozoa^ 
in which there is a distinct mouth; and mouthless or"asto* 
matous" Protozoa, in which there is no mouth. It is some* 
what doubtful, however, if the mouth-bearing forms (namely, 
the Infusoria) can properly be kept in the Protozoa, so that 
this arrangement is not a very good one. More scientifically, 
the Protozoa are divided into three great divisions or " classes," 
known by the names Gregarinidce, Rhizofioda, and Infusoria, 
all of which require special examination* 

Class i. GREGARiNiDiE. — The GregarinidcB may be defined 
2S parasitic Protozoa which have no mouth, and have no power 
of giving out pseudopodia* They are usually looked upon as 
forming the lowest class of the Protozoa; but in all probability 
much of their degraded character, as we shall see in other 
cases, is due to the fact that they are internal parasites, and are 
therefore not dependent on their own exertions for food. They 
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vary in site from less than the head of a small pin up to nearly 
half an inch in length, when they look something like small 
worms ; and they are found inhabiting the intestines of various 
animals, especially the cockroach and the earth-worm. 

In anatomical structure a Gr^gariua usually presents the 
appearance of a single cell, consisting of an ill-delined mem- 
branous envelope, filled with a more or less granular sarcode 
containing fatty granules, and having in it a little central 
bladder or vesicle— the "nucleus" — which in turn encloses a 
solid particle or "nucleolus" (15-- ;, a .-hkI v). The qm^x cover- 
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ing or cuticle with which the protoplasmic body is enclosed 
maybe quite smooth, or it maybe furnished with bristles or 
spines, and in some cases even cilia have been observed. 
yoQd the nucleus and nucleolus (which are probably connected 
with reproduction), no definite organs have been detected in 
the Gregarina; and all the processes of assimilating food and 
if waste or injurious products must be effected by 
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the general surface of the body. As we shall see, however, 
this is common in internal parasites, which are not necessitated 
to live upon solid food, but which are enabled to subsist simply 
by imbibing the nutritive juices of their hosts. 

The following is a brief outline of the process of reproduction, as it 
has been observed in the Gregarina, sometimes in a single individual, 
sometimes in two individuals which have come together and completely 
coalesced and melted into one another. The Gregarina becomes com- 
pletely motionless, assumes a globular form, and develops round itself 
a thick structureless coat or envelope, when it is said to be "encysted " 
(fig. 2, c). The nucleus then disappears, and the sarcode of the body 
breaks up into little masses, which are at first rounded, but afterwards 
become pointed at both ends, when they are called "pseudonavicellae" 
(fig. 2, d). The cyst then breaks and the pseudonavicellse escape, when 
they give origin to little masses of sarcode, which have the power of 
active movement and of throwing out pseudopodia, thus coming closely 
to resemble the animalcule which will be directly described as the 
Amoeba (fig. 2, g and h\ These little amoeba-like masses, if they find 
a suitable locality, are finally developed into new Gregarina, 
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CHAPTER II. 

RHIZOPODA, 

The next class of the Protozoa which we have to consider 
comprises the most characteristic and typical forms of the 
whole sub-kingdom. The name of Rhizopoda, or " root-footed ** 
animalcules (from the Greek, rhiza, root ; and podes, feet), is de- 
rived from the fact that they all possess the power of throwing 
out at will from various parts of the body the processes of sar- 
code which have been already spoken of as pseud opodia, and 
by which they both move and obtain food. In fact, the Rhizo- 
poda may be shortly defined as Protozoa which have no mouthy 
and which possess the power of giving out pseudopodia. The 
pseudopodia vary a good deal in shape and in other characters 
in different orders of the Rhizopoda, but they have invariably 
the character of being nothing more than temporary threads or 
finger-like processes of sarcode, which can be thrust out at 
will, and which melt again into the substance of the body 
when they are withdrawn. 

Five distinct types of structure are known in the Rhizopoda, 
and these constitute as many distinct orders, which are known 
by the names of the Monera^ Amcebea, Foraminifera, Radio- 
laria, and Spongida, 

Order I. Monera. — This name has been proposed for a 
small g^oup of organisms which merely require to be men- 
tioned. They are all microscopic in size, and inhabit the sea. 
Their sarcode-body (fig. 3) is entirely structureless and devoid of 
definite organs of any kind. They have the power, however, of 
throwing out innumerable processes of the body-substance or 
"pseudopodia," and these agree in their characters with those 
which will be afterward described as characterising the Fora- 
mini/era. They are, namely, very long and delicate filaments 
of sarcode, which unite in various directions so as to form 
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a network, in which the particles of food are entangled. The 
body is completely naked, and the Monera differ from the 




Foramimfera, chietiy, if not entirely, in this absence of any 
hard covering or shell. 

Order II, Amcebea.— This order is characterised by the fact 
that the pseudopodia are mostly blunt and finger-like in shape, 
and that the sarcode of the body contains the structures known 
as the " nucleus " and " contractile vesicle." 

As the fype of the order maybe taken the Amaha or Proteus- 
animalcule, so called because of the incessant and varied 
changes of form which it exhibits (Gr. amoibos, changing). The 
Amceba is a little microscopical creature which may commonly 
be detected in stagnant water, especially where there is decay- 
ing vegetable matter. When examined under the microscope, 
all that would probably be seen at lirst would be a shapeless or 
irregularly-spherical mass of gelatinous, jelly-like sarcode, con- 
taining scattered granules. Soon the creature might be observed 
to push out a finger-shaped prolongation of its own substance ; 
and it would soon be found that similar processes or pseudo- 
podia could be pushed out at will from almost any point of the 
body and again retracted within it without leaving any trace 
behind. As a result of this, the form of the animal is constantly 



RHIZOPODA. 33 

changing, and hence its common name of Proteus-animalcule 
(fig. 4, B). By means of these temporary processes of sarcode, 
the Amaba both moves and obtains food. Locomotion is 
efiected in a kind of creeping manner, the animal pushing out 
the pseudopodja in one direction and then pulling the body in 
the same direction. In the sameway.whenany minute particle 
of food such as a microscopic plant, comes within its reach, the 
Amaba v, raps a pseudopodium round it, and then withdrawing 
the pseudopodium lodges the nutrient particle securely in the 
substance of ihc b^dy It follows from this that the Amelia has 
no permanent mouth — no aperture, that is, which is especially 
employed in ihe admission of food. Any part of the surface can 
be pushed out inii a pseudopodium, and therefore any part of 
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the surface can be extemporised into a mouth. The process of 
taking food, in fact, in the Amaba, has been aptly compared to 
thrusting a stone or any other solid body into a lump of dough. 
The central portion of the body of the animal is softer and 
more fluid than the outer layers, and the particles of food, on 
reaching this point, undergo a sort of digestion, and are sub- 
jected to a species of movement or rotation in the interior of 
the animal. Each particle of food, in the process of being 
taken into the body, usually carries with it a little drop of 
water; and in this way a number of clear spaces are formed, 
which are usually quite round, and look like distinct cavities. 
These spaces are called " vacuoles ; " but they are not distinct 
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organs of any kind, though formerly regarded as distinct 
stomachs. Having undergone digestion, any portions of food 
which may be indigestible or insoluble are simply thrust out 
again through the walls of the body. This appears to be 
effected at one particular part of the body ; but there is no per- 
manent aperture for the purpose. There are no distinct vessels 
which serve to convey the nutritive fluid derived from the 
digestion ; but there does appear to be a rudimentary organ by 
'which this fluid is driven through the body. If we watch an 
Amceba (fig. 4, B) carefully, there is usually no difficulty in 
observing that every now and again there appears at one par- 
ticular place a clear spot, "like a window/' which slowly 
expands to its full extent, and then usually contracts slowly till 
it disappears altogether. This process of gradual expansion 
and contraction is what is called " rhythmical " — that is to say, 
it is repeated at tolerably regular intervals, perhaps twice 
a-minute. In some cases the vesicle, when contracted, remains 
so for a long time, but it always reappears in the same place. 
It is known as the " contractile vesicle ; " and there can be little 
doubt that it is a permanent organ. It is, in fact, a little clear 
space or cavity in the substance of the body, filled probably 
with the nutritive fluid derived from the digestion, and no 
doubt serving by its contraction to drive this fluid to various 
parts of the body. In its function, then, the contractile vesi- 
cle of the Amceba is to be looked upon as the first indication 
which we have in the entire animal kingdom of that most im- 
portant organ, the heart. 

The Amceba possesses no breathing-organs of any kind, and 
no excretory organs, so that these functions must be performed 
by the general surface of the body in a manner somewhat the 
same as the exhalation from the skin which takes place in the 
higher animals. There are, also, no traces of a nervous system, 
and no organs of sense, and the only other structure of any kind 
is what is known as the nucleus. The nucleus (fig. 4, n) is 
simply a small rounded or oval granular mass, and there may 
be more than one in the same individual. Its function, how- 
ever, is quite unknown, though it is probably connected with 
reproduction. The means employed by the Amceba to per- 
petuate the species are various, but the only one which need be 
mentioned is the process by self- division. This is what is 
technically called " fission " (Lat. findo, I cleave), and it con- 



RHIZOPODA. 



35 



sists in a gradual division or cleavage of the body into two 
parts, each of which then becomes a separate and independent 
individual. In some cases this process is slightly varied, a 
single pseudopodium alone being cast off and becoming a fresh 
Amaba, but this does not differ essentially from the former. 

Regarding the Amaba from a physiological point of view, we 
see that, though the animal nourishes itself and maintains its 
existence perfectly, the process of nutrition is carried on in the 
simplest possible manner, and with the simplest possible ap- 
paratus. There is no permanent mouth, no stomach or all- 
mentaty canal of any kind, no respiratory or excretory organs, 
and even no distinct aperture for the eitrusion of indigestible 
food. The only distinct structure which is at all concerned 
in nutrition is a rudimentary contractile cavity, the first fore- 
shadowing of the heart in the higher animals. As regards the 
functions of relation, it is questionable 
how far the Afoaba can be said to 
have distinct perceptions or sensations 
of any kind. It has no nervous system 
or oigans of sight or hearing, and in 
all probability it has nothing more 
than a general sensibility to light. It 
appears, however, to be fully aware 
when any object comes in contact with 
a pseudopodium, and even to have 
some idea whether this is fit for food. 
Locomotion, as we have seen, is en- 
tirely effected by the temporary pro- , 
cesses of sarcode, or pseudopodia, and 
there are no permanent otgans set aside 
either for locomotion or for prehension 
—that is, for seizing external objects. 

The only other member of the *" ' 
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v4»r(»fea which deserves notice is the sUghily frou 
Difflugia (fig. s), which is not uncom- 
monly found in fresh water. Difflugia 
in its essential structure does not differ 

from the Amaba, but the greater part £.'^' T^ll^fTc ti«, 
of the body is enclosed in a sort of metiit veiieies. 
shell, mostly composed of grains of sand, within which thi 
aninud can retire completely. The shell or "test" is open a 
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one end, and the pseudopodia are protruded from this aperture. 
The animal generally creeps about head-downwards, so to 
speak — that is to say, with the closed end of the carapace ele- 
vated above the surface on which it is moving.* 

Order III. Foraminifera. — The next order of iht Rkizo- 
poda is that of the Foraminifera, comprising animals which at 
first sight appear to be highly complex, but which are really 
much less highly organised than the Amoeba, The Foramini- 
fera may be defined as Rhizopoda in which the body is protected 
by a shell or " test; " there is sometimes a nucleus \ and contract 
tile vesicle; and the pseudopodia are extremely lon^and thread- 
like^ and interlace with one another so as to form a network, 
• The most obvious and striking character of the Foraminifera 
is the possession of an outer case or shell, and for a long time 
they were known to naturalists by their shells alone. As the 
shell or test is usually very beautiful and often very complex, 
the Foraminifera were consequently placed at first amongst the 
true shell-fish (Molluscd)^ very much in advance of their true 
position. When, however, the anatomical structure of the 
group came to be investigated, it was soon found that they 
were really referable to the Protozoa, and that in point of fact 
they even occupy a low position in this sub-kingdom. How- 
ever elaborate and complicated the shell may be, the body of 
the contained animal is composed simply of granular gelatinous 
sarcode, highly elastic and contractile, and usually reddish or 
yellowish in colour (fig. 6, a). This sarcode not only fills the 
shell, but also in many cases gains the exterior by means of 
little perforations in its walls, and forms a thin film over its 
outer surface. Wherever the sarcode is exposed, whether this 
be only at the mouth of the shell, as in the Miliola (fig. 7, V), or 

* High modern authorities would place all the shelled Amoebea (such as DifflugitC) 
amongst the Foraminifera; but the different form of the pseudopodia affords a con- 
venient, if not very important, distinction. 

t Hertwig and F. E. Schult2e have shown that a nucleus is present in many Fora- 
minx/era, and it is possibly really present in all. It has further been shown that cer- 
tain single-chambered shelled Rhizopods, in which a nucleus occurs, and in which 
the pseudopodia are filamentous, arejbund in fresh water. Hertwig proposes, there- 
fore, to group together all these forms into a single group, which he calls 'Fkalattuh 
phora. All the forms included under this head are provided with a shell — sometimes 
of chitine or homy matter, sometimes of lime, sometimes of sand-grains cemented 
together; and all have, to begin with, a single-chambered shell. By successive 
constrictions of this shell, at intervals, and according to definite laws, the many» 
chambered shells, which occur so commonly among the Foraminifera, are formed. 
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whether il be over the whole surface, as in Diseorbina (fig. 7, r), 
it has the power of giving off pseudopodia. The pseudopodia, 
however, differ greatly from those of the Anueba, and they show 
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some remarlrahle characters. They are extremely long thread- 
like processes, instead of being blunt and finger-shaped (fig. 6, 
b), and they have the curious property that they run into one 
another and interlace towards their extremities, so as to form 
a network which has been aptly compared to an " animated 
spider's web." Lastly, the microscope reveals in the pseudo- 
podia a very curious circulation of minute solid particles or 
granules, which travel in all directions through the ^scmAis- 
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podial network. Internally, the sarcode-body of the Forainint- 
fera exhibits hardly any structures or definite organs of any 
kind. Even the nucleus and contractile vesicle which occur in 
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the Amaba have only been showii of late to be occasionally 
present, though it is thus rendered probable that these struc- 
tures always exist. 

Simple as is the sarcode-body of the ForanUnifera, it has in 
all cases the power of secreting a skeleton or shell, which is 
technically called the "test" (Lat. teUa, a shell). The shell is 
usually "calcareous" — that is to say, composed of carbonate of 
irenaceous," or composed of par- 
r firmly by an unknown animal 
is simply membranous. In either 
me or other of two very distinct 
ne type (as in Miliola, fig. 7, b), 
the shell-walls are not perforated with holes, and the pseudo- 
podia are therefore alt emitted from the mouth or " oral 'aper- 
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ture *' of the shelL In the other type (as in Discorbina, fig. 7. 
c), the shell-walls are perforated with a number of little aper* 
tures or "foramina,** from which the order derives its name. 
These foramina are the mouths of tubes which pierce the walls 
of the shell, and thus establish a free communication between 
the interior and exterior. In this way the sarcode which fills 
the inside of the shell is enabled to reach the outer surface, so 
as to form a film, from any part of which the pseudopodia may 
be given off. The presence or absence of foramina is believed 
to constitute a true structural distinction, and the Foraminifera 
may be thereby divided into two great and natural groups 
(Perforata and Imperforatd), 

According to the form of the shell, also, the Foraminifera 
may be conveniently, though arbitrarily, divided into two sec- 
tions. The simplest form of shell is seen in such an example 
as Lagena (fig. 7, a), where the shell consists of but a single 
chamber ; and the animal, in fact, is nothing more than a little 
mass of sarcode, surrounded by a calcareous envelope. Lagena, 
then, may be taken as the type of what are called the " mono- 
thalamous'* Foraminifera (Gr. monos^ single; tJialamos, a 
chamber) — that is to say, of those forms in which the animal 
consists of a single segment, and the shell of a single chamber. 
All the Foraminifera without exception commence life as 
"simple" or " monothalamous " forms, like Lagena, but it is 
comparatively seldom that they retain this simplicity through- 
out life. In the great majority of cases the primitive mass of 
sarcode, or "primordial segment," commences a process of 
budding, or "gemmation" (Lat gemma, a bud), by which it 
becomes converted from a "simple" into a "compound" form. 
The original sarcode-mass, that is to say, begins to throw out 
buds in some determinate direction; all the buds thus produced 
remaining connected with one another, and all surrounding 
themselves with a calcareous covering. In this way we get 
ultimately a compound organism, composed of a number of 
little masses of sarcode, all permanently united to one another, 
and all enclosed in a common shell. We get then, ultimately, 
such a form as Nodosaria (fig. 7, d, e), which may be regarded 
as a good example of these so-called " compound " or " poly- 
thalamous " Foraminifera (Gr. polus, many ; thalamos, a cham- 
ber). The exact form of shell which is produced by this pro- 
cess of budding will depend upon the direction in which the 
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buds are given off by the primordial segment. If the buds are 
given off in a line, we get such a form as Nodosaria, If they 
are given off in a spiral direction, each succeeding segment 
being a little larger than the one before it, and the coils of the 
spiral all lying in one plane, then we get such a shell as Dis- 
corbina (fig. 7, c). This is one of the commonest forms of shell 
amongst the Foraminifera, and it is often called the " nauti- 
loid" shell, from the close resemblance which it bears in shape 
to the well-known shell of the Pearly Nautilus. It was, in fact, 
this external similarity which induced the older naturalists to 
place the Foraminifera amongst the Mollusca in the neighbour- 
hood of the cuttle-fishes. There are numerous other types of 
shell, all of which can be referred to the manner in which 
gemmation is carried on by the primordial segfment ; but the 
two forms above mentioned may be taken as sufficient examples. 
It may be mentioned, however, that there are forms in which 
the new segments are added in a very irregular manner, and 
the resulting shell has no very definite shape. 

It is also doubtful if any of the many-chambered Foramini- 
fera can be regarded as truly compound, since the chambers 
of the shell are produced by the growth of the sarcode in 
certain directions, and its constriction into separate buds or 
segments. In the case, however, of the singular Microgromia 
socialis (fig. 8), which inhabits fresh water, a true colony is 
formed, since a number of the minute organisms included in 
this species unite themselves into a common assemblage by 
means of their branching pseudopodia, which interlace and 
fuse with one another. 

Affinities of the Foraminifera. — In spite "of their beautiful, 
and in many cases complex, shells, the anatomical structure of the 
Foraminifera is so simple that it may fairly be questioned whether 
in a systematic arrangement they should, not be placed nearly at the 
bottom of the whole sub -kingdom Protozoa, The Foraminifera are 
clearly related to those forms of the Amcebea which possess shells, such 
as Dijfflugiaf and some naturalists would unite the two groups, though 
they differ widely in the form of their pseudopodia. There are also 
very interesting points of relationship between the Foraminifera and 
the sponges, which cannot be touched upon here. A few words, how- 
ever, may be said on the physiological deductions which may be drawn 
from the study of the Foraminifera, Regarded from a physiological 
point of view, the structural simplicity of the Foraminifera renders 
them all the more wonderful. We have in them the great equation of 
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life presented to us in almost Jta simplest form. They are composed 
of BO oi^nic substance, but cuinot be said to posse» "organiiation," 
being " structiuelesSi and nithout permiuieDt dUtinction or sepantion 
of parts."* Nevertheless Ihey perform all the physiological funcliona; 
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they assimilate food — they live, Brow, and maintain their integrity in 
the face of the destructive forces constantly at worlt upon them — they 
leproduce their like — and they have certain relations with the external 
world, being at any rate capable of independent locomotion. All these 
vital actions they effect without possessing a single organ permanently 
set apart for the performance of any one of them, unless the "nucleus," 
which some possess, is to be regarded as a reproductive organ. Lastly, 
they have the power of building up an outer envelope or shell, which 
is always beautiful, and is often of the most complex character, and 
constructed upon a regular mathematical plan. The Feramimfira and 
the Manera, then, of all known animals, offer the most convincing 
illustration of two laws — firstly, that there is something in the action 
and nature of vital forces altogether distinct from anything hitherto 
nhserved in the physical forces ; and secondly, that life is the cause 
of organisation, and not the nstilt of it : in other words, an unimal is 
organised, or possesses structure, because it is alive ; it does not live 
is organised. 

• Huxloy. 
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Distribution of Foraminifera in Space.* — The Foraminifera 
are almost exclusively marine or inhabitants of the ocean, and have a 
world-wide distribution. They are mostly very minute, but some of the 
extinct forms attained a size of as much as three inches in circumference 
{e.g.^ the Nummulite, fig. 9). Some forms may be obtained adhering to 
the roots of tangle {Laminarta) at or near low-water mark, but they are 
mostly to be dredged from tolerably deep water. In the deepest parts 
of the ocean which have yet been examined by the dredge — at a depth, 
namely, of nearly three miles — Foraminifera have been obtained in 
abundance. There is also no doubt that in many parts 4»f the deep 
ocean, especially where warm currents exist, there are now forming 
deposits of the shells of Foraminifera^ whidi may well be compared to 
the great masses of white chalk with which the geologist is familiar. 
Foraminifera may generally be obtained for examination from the shak- 
ings <if sponges or from the sand of the sea-shore, especially in warm 
climates. To give some idea of their abundance, it may be stated that 
Plancus found about 6000 specimens in an ounce of sand from the 
Adriatic ; but D'Orbigny calculated that no fewer than between three 
and four millions were present in an ounce of sand from the Caribbean 
Sea. 

Distribution of Foraminifera in Time. — It is not the object of 
the present work to enter into the consideration of the past existence of 
different groups of animals, since this presupposes some knowledge of 
geology, but the Foraminifera present some points of special interest 
which may be very shortly noticed. In the first place, as far as is yet 
known, the Foraminifera were the earliest and oldest of created beings. 
The oldest fossil which has hitherto been exhumed by the labours of 
geologists is believed to have been a Foraminifer^\ of large size, and 
with some decided affinities to existing forms. In the second place, it is 
only by an examination of the distribution of the Foraminifera in past 
time that we can arrive at any adequate notion of the importance of 
these microscopic creatures when looked at in the aggregate. The great 
geological formation known as the white chalk — a formation which 
forms the well-known chalk-cliffs of the south of England, and which 
stretches over a great part of the continent of Europe, attaining some- 
times a thickness of not less than 6cx> feet — is almost wholly composed 
of the shells of Foraminifera^ visible only to the microscope. The 
smallest fragment of the common chalk, with which every one is familiar, 
contains numbers of these minute shells ; and it is a singular fact that 
some of the species in the chalk are indistinguishable from forms which 
now occur in the ooze which forms the bed of the Atlantic at great 
depths. The stone of which Paris is built is to a very great extent 

* Under the term " Distribution in Space" come all the facts relating to the /ry«- 
ent occurrence of any animal or group of animals upon the globe. Under the term 
" Distribution in Time " come all the facts relating to the past occtirrence of any 
animal or group of animals upon the globe. 

t The Eozodn Canadense of the Laurentian Rocks of Canada. 



composed of the shells of Fan^an^ira, espedallf of the Miliola ; and 
it is hardly an euegenlion to S17 that Paris is nuinly bui[t up out of 
these minnte organisms. Another renuiluble focnution is that knowa 
as the "Nmnmulitic limestone," from the presence in it of a Urge coin- 
shaped Faraminiftr, the Nnminulite (fig. 9), generally about as large at 




Fig. 9. — Ntn ^ m mfftrw 



The Nammulitic limestone stretches from France on the west to the 
' frontiers of China on the east, and is almost everywhere readily rcc(^- 
nisable as a distinct formation. It attains in places a thickness of 
several thousand feet, and is especially largely developed in the Alps. 
It has on historic interest from the fact that the Pyramids are built 
of it, and that the Nummuliles in it were noticed by Herodotus, " the 
&ther of history. " 

Order IV. Radiolaria. — The third order ofthe ^A/^c/ci/rt 
is that of the Radiolaria, essentially distinguished by the fact 
that the sarcode-body has, almost always, the power of secreting 
a " siliceous" or flinty skeleton, either in the form of a shell, or 
of detached spicules or needles ; whilst the pseudopodia are 
long and thread-like, and stand out from the body like rays. 
In this last character the Radiolaria approach very closely to 
HiKForamtH^eras ^nA the resemblance between the two groups 
is still further iticreased by the fa^t that the pseudopodia often 
run into one another so as to form a network, and sometimes 
show a circulation of granules along their edges. There is 
generally a central capsule surrounded by a layer of sarcode 
eneriorly, and the latter usually contains coloured cells. Four 
groups of organisms have been described as belonging to the 
Radiolaria, and we may briefly notice an example of each of 
these. 

In the first family we have organisms like Acanthometra (lig. 
10, a), in which the body is composed of sarcode, supported 
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By a framework of siliceous or flinty rods, which all meet in 
a comm6n centre. The spines or rods are all perforated by 
ca.na.ls, and each conveys a pseudopodium, which is protruded 




Fig, \ty'~a Acanthemetra lanctolatetl b Htihotnma luxoiantkum, 
one of Ihe Pufyc^liaa (aft.r Mflllcr). 

from an aperture at its apex. Many pseudopodia, however, are 
given off from the surface of the body directly, and are not 
enclosed in the spines. The Acanlhometra are all minute, and 
are found floating near the surface in the open ocean, sometimes 
in great numbers. 

In the second family {Polycysfina. fig. lo. B) we have a 
number of beautiful little or- 
ganisms allied to the/iDmffiffl- 
ifera, but differing in the fact 
that the body is enclosed in a 
glassy shell composed of flinL 
1 The shell is perforated by 
nerous holes through which 
' the pseudopodia are emitted, 
I it is usually of extreme 
beauty, being sculptured in 
various ways, and often adorned 
with spines. The sarcode of 
^ the body is usually olive brown 

"BarbidiMi Earth;' snulyiiiagniBeil. in colour, and oftcn doCS nOt 

(Original.) quite fill the shell. 

The pseudopodia are filamentous, and exhibit a slow circula* 
tion of granules along their borders, hut they do not run into 
one another. All the Polyevstina are microscopic, and they 
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are all inhabitants of the sea. They are best known to students 
of the microscope as tiie " Fossil Infusoria of Barbadoes." as 
they occur 'in incalculable numbers in a sandstone in that 
island. 

They are, however, in no way related to the "Infusoria" 
properly so called, having much stronger affinities with the 
Foramini/era. We Itnow, also, now, that deposits of the flinty 
shells of these beautiful microscopic organisms are in process 
of formation in our oceans at great depths. 

In the third family {ThtdasncollitU, fig. 12) are included a 
number of singular gelatinous oi^nisms which may be as large 
as an ordinary marble, but arc often hardly visible to the un- 
assisted eye. They are found floating passively at the surface 
of most seas, and a few forms have been described from fresh 
waters. 




The body in all the Thalassicollida is composed of sarcode, 
and has the power of giving off thread-like radiating pseudo- 
podia, which sometimes run into one another and form net- 
works. Generally the earcode also exhibits spherical, bladder- 
like bodies or vesicles, the exact nature of which is obscure. 
In all cases the sarcode-body appears to have the power of 
Kcreling flint in some form or other. In Coilosphara (fig. 11, 
a), the flint is secreted in the form of a shell or test, perforated 
b; large apertures. In Thalassicoiia (fig. iz, b), the silica 

bnns groups of needles or " spicula," scattered here and there 

in Ihe jelly-like sarcode. 
A fourth family has been constituted under the name of 

HcUosea, for a number of singular and beautiful microscopic- 

("nanisms, which mostly occur in fresh water, and which can- 
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not be regarded as typical Radiolarians, though more closely 
allied to this group of the Protozoa than to any other. In these 
forms (fig. 13) the body is provided with long filamentous pseu- 
dopodia, which stand out Iil;e rays, and which may a 







with one another. The body may be quite soft, as in the 
common "Sun-animaicule," but there may be, and often arc. 
delicate spines of flint radiating from the central sarcodic mass. 
t and there is sometimes a regular siliceous skeleton. The 

^^^^ Heliosoa are further furnished with the structures which are 
^^^H known as the " contractile vesicle " and " nucleus." 

^^ 

F th: 

I ha 



Order V, Sfongida.— The last order of the Rhisofioda is 
that of the Spongida, the exact nature and position of which 
have only recently been determined. For a long time sponges 
; pretty generally regarded as being vegetables, and it is 
only since the microscope has been employed in their elucida- 
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tion that theic true nature has been made out. AH natural i!»ts 
are now ag^reed as to the propriety of placing the sponges in the 
animal kingdom, and they are generally referred to the Khiao- 
poda^ though they are sometimes looked upon as constituting a 
distinct and separate class of the Protozoa, The ap|)arent com- 
plexity of structure which the sponges exhibit is due to the fact 
that what vre ordinarily term a sponge is really a colony or 
aggregation of separate masses of sarcode, greatly resembling 
Amaba or Infusorians in structure, and having the power of 
secreting a skeleton or supporting-framework common to the 
whole assemblage. Sponges, in fact, may be defined as com- 
poumdEfiiMOpoda forming masses which are traversed by canals 
opetdi^&m ^ sufface and supported by a framework of horny 
ibns 0r efcakareous or flinty needles, 

Tlicre are^ then, two essential elements in the structure of a 
sponga — namely, the sarcode-bodies which constitute the ani- 
mal itadf, and which are collectively termed the " sponge-flesh.'* 
and thehard framework or " skeleton " upon which the flesh is 
supported. To understand the nature of these fully, we may 
take an ordinary homy sponge, such as we are constantly in 
the habit of using. As we see the sponge in this countr)% we 
are only acquainted with the skeleton, which is composed of an 
enormous number of homy fibres, all interlaced and interwoven 
with one another, but leaving numerous holes and canals 
between their bundles (fig. i6, d). In its living condition, 
however, the whole of this skeleton is covered inside and out- 
side — saturated, in fact — with a kind of slimy material verj' 
like white-of-egg to look at This is the so-called sponge-flesh ; 
and, upon examining this with a microscope, it is found to be 
composed of an enormous number of minute masses of sarcode 
(fig. 14, A), all more or less completely independent of each 
other, and each very closely resembling either an Amoeba or an 
Infusorian. These separate *' sponge-particles," or " sarcoids," 
as they are called, consist, in fact, of granular sarcode, capable 
of pushing out little processes or threads of sarcode in the form 
of pseudopodia, and furnished with an internal solid mass or 
nucleus, with contractile vesicles. In some cases each sarcoid 
carries a single lash-like vibrating filament or " flagellum " 
(fig. 14, B). Each sarcoid has the power, if detached, of inde- 
pendent movement, and each can obtain food for itself. As the 
sponge, however, is a fixed animal, some provision is necessary 
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by which food shall be conveyed to the sarcoids in the intciior 
of the mass. This is effected by a remarkable water-carrying 




•anmdj; B, A lingle Mrcoid of Crantia aimprtitx, gnatly tDlarged, ilunnilg 
ihe moabtinoiu collu (d), tht lUgellum (/), Ibe contrsclile voiclci (c 0. lUHi >1k 
iiacLeuB(4); C, A tajtun^tii Crantia csmprtaa.'triih th« pseudopodia protruded 
and without the flageUum. grcally ecLarged, (B and C arc tixv Carta.) 

or "aquiferous" system in the following manner: The entire 
sponge is riddled in every direction by an immense number of 
canals, all opening on the surface, and communicating freely 
with one another in the interior of the mass. The canals are of 
different sizes, and. as can readily be observed in an ordinary 
sponge, their external openings are also of different sizes. A 
few of the holes are of much larger size than the others, and 
these, for reasons which will be seen directly, are called the 
"exhalant apertures," or "oscula." The great majority of the 
e very minute, and these are known as the "inhalant 
In a living sponge a more or less 
tter is carried on by means of this 
is admitted by means of the pores 
a the interior of the sponge, and is 
finally expelled in steady streams from the oscula (fig. 15, d). 
The mechanism by which this circulation of water is effected . 
was long unknown, but it is now known to consist in aggrega- 
tions of sponge- particles provided with cilia which all work 



apertures," or " pores." 
constant circulation of v 
canal system. Thewate 

(fig. 15, b S), is driven in 
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towards the interior of the sponge (fig. is.c^). The circulation 
of water in this manner can be readily observed in many of our 
common marine sponges, and it is under the control of the 




animal to a great extent The large apertures or oscula are 
permanent, but they can be closed and opened at will ; whilst 
the smaller apertures or pores appear to be formed afresh, 
wherever they are wanted, at any point of the surface. By 
means of the currents of water each individual sarcoid or 
sponge-particle is enabled to obtain food, so that the whole 
sponge, as remarked by Huxley, "represents a kind of sub- 
aqueous city, where the people are arranged about the streets 
and roads in such a manner that each can easily appropriate 
his food from the water as it passes along." It is also not im- 
probable that the process is at the same time a rudimentary 
form of respiration. 

Such, then, are the general phenomena exhibited by any 
sponge, and the chief variations which occur amongst the 
sponges are to be found in the nature of the skeleton. In the 
sponges of commerce the skeleton consists of matted fibres 
composed of a substance allied to horn. In other "homy" 
sponges the comparatively flexible and elastic fibres which form 
the general framework of the skeleton, are strengthened by 
numerous microscopic needles of flint (fig. i6, d), which are 
called " spicula," and which are usually scattered through the 
soft flesh also. These spicula assume various shapes in dif- 
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ferent kinds of sponges. In the so-called calcareous sponges, 
the skeleton is composed of aggregated but disunited spicules 
of lime, which usually have a three-rayed form (fig, 14, A). 
Lastly, in the " siliceous " sponges, the skeleton is composed ot 
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needles of flint, which are often six-rayed, and which mostly 
become soldered together to form a continuous framework, 
looking like a lattice of spun glass. The beautiful Venus's 
Flower-basket and the Birds'-nest sponges are examples of this 
group. 

As regards the reproductive process in the sponges, it will be suffi' 
cient to state very briefly the leading phenomena which have been 
observed in the ftesh-water sponge {Sfongilla fiuviatUis). If a specimen 
of SpongUla be observed towards the approach of winter, ils deeper 
portions will be found to be filled with numerous small rounded bodies 
like seeds, which have been called "gemmules." Each gemmule (Eg. 
16, a b) exhibits at one point a small aperture or " hilum ; " and is 
foimd to be composed of a leathery membrane, surrounded by a layer 
of sarcode, in which are imbedded a number of spicula. These spicula 
are called "amphidiscs," and consist each of a central rod or axle car- 
rying a toothed wheel or disc at each end (lig. 16, c). In the interior 
of the capsule thus formed is a mass of cells, of which the central ones 
contain numerous reproductive germs. When the spring comes, these 
masses are dischaiged into the water through the aperture or hilum of 
the genunule, and become developed into fresh Spongilla. In addirion 
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to this method 'of reproduction, the fresh-water sponge during the 
summer months has the power of producing true eggs or ova, and 
sperm-cells. The impregnated ova develop themselves into embryos, 
which are provided with numerous cilia or vibrating hairs, by means of 
which they swim about freely. Finally, upon finding a suitable locality, 
they fix themselves to some solid object, lose their dlia, and grow up 
into SpOHgiUct, Indeed, as a general if not universal rule, the embryos 
of the sponges are provided with cilia, and are thus capable of active 
locomotion. In this way is secuied the extension over a wide area of 
these otherwise fixed and plant-like organisms. 

Distribution of Sponges in Sp^ice. — It remains only to add a 
few words on the distribution of sponges in space. With the 
single exception of Spongilloy all known sponges are inhabitants 
of the sea ; but the former is to be found in lakes and rivers in 
most parts of the world. The marine sponges are found mostly 
attached to stones and other foreign objects between tide-marks 
and in deep water. The sponges of commerce are mostly 
obtained from the Grecian Archipelago, but inferior kinds are 
imported from the Bahama Islands. One common sponge 
{Cliond)^ instead of incrusting other objects, inhabits branching 
cavities in shells, which it excavates for itself. It apparently 
lives upon the animal matter contained in the shell, and few 
oyster-shells can be picked up upon our shores which do not 
exhibit the perforations and mines of some species or other of 
this genus. Fossil shells, also, often occur, which show that 
these mining sponges have enjoyed a vast antiquity. The flinty 
sponges are principally inhabitants of comparatively deep 
water, being mostly anchored* to the soft mud of the sea-bottom 
by long root-fibres of flint. 
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CHAPTER III. 

INFUSORIA.- 

The last class of the Protozoa is that of the Infusoria, so called 
because of their being frequently developed in organic infusions 
under the following singular circumstances ; If some water be 
taken, and any animal or vegetable substance be soaked or 
boiled in it» a solution is formed containing organic matter, or, 
in other words, an " organic infusion." It is unnecessary to say 
that if this infusion be examined under the microscope, after 
boiling, nothing will be detected in it, — nothing living, at any 
rate. If examined, however, at the end of a few days* time — if 
the circumstances have been favourable — a vast number of 
living forms will now be found in it Amongst these will be 
found several of the members of the present class, and hence 
the name applied to them of Infusorian animalcules, or Infus- 
oria, It is unnecessary to enter here into the question how 
these living beings are produced, since the subject is one that 
has given rise to great controversy, and opinions are still 
divided upon it. It is sufficient to remark that there are 
eminent observers who hold that the appearance of the Infu- 
soria in this fashion is to be explained upon the theory that they 
have been spontaneously produced out of the organic, 'but dead, 
matter of the infusion, in oppo^tion to the general view that 
they are derived from pre-existent germs. 

The position of the Infusoria is somewhat doubtful, and it 
appears probable that they will ultimately have to be regarded 
as a separate sub-kingdom, or as a branch of a higher sub- 
kingdom {Annuloida), In the meanwhile it is most convenient 
to retain them in their present place, at the head of the sub- 
kingdom Protozoa. Regarded in this light, the Infusoria pre- 
sent a great advance in structure over all the forms which we 
have hitherto studied — an advance which is especially seen in 
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the almost conslant presence of a permanent mouth. For (his 
reason they are often spoken of colleclively as the " stomalode," 
or mouth-bearing Protoaoa. The Infit 
Protozoa ■which are provided ■with a 
mouth, and gerurally a rudimentary 
digestive canal. They do not possess 
the power of emitting pseudopodia, 
but are furnished with ■Vibratile cilia 
or contraetile filaments. They are 
tnostly microscopic in siie, and their 
bodies usually consist of three distinct 
layers. They are mostly simple free- 
swimming organisms, but they some- 
times form colonies by budding, and 
are lixed to some solid object in their 
adult condition. As types of these 
two seclions of the Infusoria, we 
may take respectively Paranu^cium 
and Vorticella. 

Paramcecium (figs. 17 and 18) is a 
beautiful slipper-shaped little crea- 
ture, which may be found commonly 
in stagnant waters or in artificially- 
prepared infusions. The body is 
nearly quite transparent, and con- 
sists of three layers — 1. a structure- 
less, transparent, external film or 
pellicle, called the "cuticle:" 2, a 
central mass of soft, semi-fluid sar- 
code, which receives the particles of 
food ; and 3, an intermediate layer of 
firm and consistent sarcode, which is 
called the "cortical layer" {Lat. cortex, 
bark). The external membrane or 
cuticle is richly covered wilh minute 
vibrating hairs or cilia, which appear. 
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however, to be really derived from the cortical layer. The cuticle 
is also perforated by the aperture of the mouth, which is con- 
tinued into a short funnel-shaped gullet (fig. 17, mg). Thegullet, 
however, is not continued into any distinct stomach, but opens 
directly into the soft semi-fluid sarcode which constitutes the 
central mass of the body. The particles of food on passing 
through the gullet are directly received into the central mass 
of diffluent sarcode, where they undergo a kind of slow circula- 
tion or rotation. As in the case of the Amoeba, each particle of 
food generally carries with it a little water, so that the appear- 
ance is produced of a number of little clear spaces in the central 
sarcode. These are now called vacuoles, or food-vacuoles ; 
but they were originally described by Ehrenberg, the famous 




— Ciliaud Inftiurii. A, Pa 
conmctilc nncleite}, B, Faramtcium AnnorutaHtr blein; dividmg irans- 
vcncly; H Nudciu; tf Nucleolus; r Conuactile vesicle. C, Panitamiim 
alirtiU (lAer Ehrenberg), dividing longiludinally. 

Prussian microscopist, as so many distinct stomachs, in conse- 
quence of which he named the Infusoria the Polygaslrica (Gr. 
polus, many ; and gasUr, stomach). The vibrating cilia which 
clothe the surface of ParanuBciam serve partly to drive the 
animal rapidly through the water, and partly to set up currents 
by means of which food is conveyed to the mouth. All the 
nuirient particles obtained in this way undergo the circulation 
in the central sarcode above spoken of, where they are partially 
or completely digested. The indigestible portions of the food 
appear to be got rid of by a second aperture [flnus) placed near 
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the mouth (fig. 17, a). The only other organs possessed by 
Parqmigdum are the so-called nucleus and nucleolus, and the 
contractile vesicle (or vesicles), all of which appear to be situ- 
ated in the cortical layer of the body. The nucleus is a little 
solid body, composed of an external membrane, with granular 
contents, and having the nucleolus firmly attached to its ex- 
terior in the form of a little spherical particle. Both appear to 
be organs of reproduction, the nucleus being an ovary, and the 
nucleolus a spermarium. The names, therefore, of nucleus 
and nucleolus must not be taken as implying necessarily that 
these bodies are identical with the structures which receive 
these names in an ordinary animal or vegetable cell. The 
contractile vesicle has exactly the same structure as in the 
AmcebcL It is simply a little contractile cavity filled with a 
fluid apparently derived from the digestion, and contracting 
and dilating at regular intervals. There is usually only a 
single vesicle present, but there may be two or more. 

Reproduction in Paratncecium (fig. 18) may be effected by 
fission — that is to say, by a simple splitting of the body of a 
single individual into two portions, each of which becomes 
a fresh being. The process of fission may commence at the 
surface, or it may begin at the nucleus. In other cases, two 
Paramcecia come together and adhere closely to one another. 
The nucleus and nucleolus enlarge, and the nucleolus of each 
is transferred to the other, apparently through the mouth. As 
the result of this, numerous germs are produced, which, after 
their liberation from the body of the parent, are developed into 
fresb individuals. 

As a common and beautiful example of the Stalked Infusoria 
we may take the so-called Bell-animalcule ( Vorticella, fig. 19, c)^ 
which may be found in any stagnant pool attached to the stems 
of aquatic plants. The body in Vorticella forms a kind of cup 
or " calyx " supported upon a long stalk, which is in turn fixed 
to some solid object The stem contains a contractile fibre in 
its interior, and the animal can by this means push itself out or 
coil itself up with the utmost rapidity. The vibrating filaments 
or cilia are not scattered over the whole surface of the bell- 
shaped body, but are collected to form a kind of fringe or circle 
round the mouth of the caljrx. Nearly in the centre of this 
ring, or on one side, is placed the aperture of the mouth, which 
leads by a short gullet straight into the central soft sarcode of 
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the interior of the body. A nucleus and contractile reside are 
also present, so that in the essential points of its anatomy Vor- 
ticilla does not differ from a free-swimming' Infusorian such as 
Paramacium. Indeed, a transition between the two forms is 
found in the so-called Trumpet-animalcule or Stentor (fig. 19, b). 




which can detach itself and swim about at will, at the same 
time that it is ordinarily fixed by its thinner extremity to some 
solid object. In Vaginieola (fig. 19, a), again, we have an 
animalcule closely related to Stentor, but having the body pro- 
tected by a horny or membranous sheath. 

All the Infusoria we have been hitherto considering belong to a sec- 
tion of the clus in which the surface is (iimiahed with more or less 
numerous ciha. There are other fonns, however, in which there ire 
no cilia, but the body Is furnished with a number of radiating filament- 
ous tubes, the eitremities of which form little suclting-discs. Finally, 
there is another section in which the organs of locomotion are in the 
form of long contractile filaments, termed "flagella," which may be 
combined with cilia, or may be the only locomotive oigans present 
In accordance with these differences, the Infusoria are divided into the 
three orders of the CiHata, Sucteria, and FldgtUala, of which the 
ciliated forms are by far the most nmneroua and most important 

DiSTKiBiTTiOH OP Infusoria in Sface. — As regards the distribn- 

tlou of In/uteria in spacer there is little to skj, except that they are of 

nnivenal occurrence in fre»h water over the whole globe, and that they 

4eMr abo in the sea. In &ct, the only conditions which appear to be 

^•T fcr theJT exUence are ■ certain quantity of water holding or- 



INFUSORIA. 57 

ganic matter in solution. Wherever these conditions are fulfilled, Infu- 
soria are certain to make their appearance. The attached forms of 
Infusoria^ however (such as Vitrtuella^ Epistylis^ Sientor^ and others), 
do not appear to be ever developed in artificial infusions, and they are 
to be sought for on the stems of water-plants, and in other similar 
localities. It seems hardly necessary to remark that, as before defined, 
the occurrence of fossil Infusoria is hardly to be looked for, as they 
possess (with rare exceptions) no hard structures which are capable of 
permanent preservation. It is only to be added in this connection, 
that if the animalcule known as NocHluca be rightly referred to this 
class, the Infusoria take a very decided share in producing the diffused 
phosphorescence or luminosity of the sea, which is occasionally such 
a beautiful spectacle even in our own climate. 

Table showing the Divisions of the Protozoa. 

Class I. Gregarinid/E. — Parasitic Protozoa which are destitute of 
a mouth, and do not possess the power of emitting pseudopodia. 

Class II. Rhizopoda. — Protozoa which are destitute of a mouth, 
are simple or compound, and have the power of emitting extensile and 
contractile processes of the body-substance (pseudopodia). 

a, Monera, — Ex, Protomyxa. 

b, Amcebea. — Ex, Amceba, Difflugia. 

c, Foraminifera, — Ex, Lagena, Nodosaria, Discorbina. 

d, Radiolaria, — Ex. Acanthometra, Haliomma, Thalassicolla. 

e, Spongida, — Ex, Spongilla. 

Class III. Infusoria. — Protozoa with a mouth and rudimentary 
digestive canal ; destitute of the power of emitting pseudopodia ; fur- 
nished with vibratile cilia or contractile filaments ; the body usually 
composed of three distinct layers. 

a, CUiata, — Ex, Paramoecium, Vorticella. 

b, Suctaria. — Ex, Acineta. 

c, FiageUata, — Ex, Monas. 
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SUB-KINGDOM II. CGELENTERATA. 

CHAPTER IV. 

I. Characters of the Sub-Kingdom. 2. Divisions. 

3. General Characters of the Hydrozoa. 

4. Explanation of Technical Terms. 

In the sub -kingdom Ccelenterata are included the sea-anem- 
ones, corals, sea-jellies, sea-firs, and other allied animals, and 
the whole division may be looked upon as forming the most 
typical section of the animals formerly called by QMyx^x Rcuiiata. 
In addition, however, to the above-mentioned animals, Cuvier 
included in his Radiata all the members of the modem sub- 
kingdom Protozoa, together with the sea-mats or lowest class 
of the Mollusca, and the sea-urchins, star-fishes, wheel-animal- 
cules, internal parasites, and others which are now placed in 
a separate sub-kingdom by themselves {Annuloida), The old 
Radiata, therefore, was an extremely heterogeneous assemblage, 
and there is no advantage to be derived from its emplojnnent 
even in works such as this present. The division Ccelenterata, 
or " hollow-entrailed " animals (Gr. koilos, hollow; and enteron, 
intestine), includes all those radiate animals which are more or 
less closely allied to the sea-anemones on the one hand, and 
to the sea -firs on the other. Most of the Coelenterata come 
under the conveniently loose term of "zoophytes," or plant- 
animals, from the external resemblance which many of them 
show to plants. 

The Coelenterata may be defined as animals whose alimentary 
canal communicates freely with the general cavity of the body 
('* somatic cavity "). The body is essentially composed of two 
layers or membranes, an outer layer or " ectoderm!^ and an inner 
layer or " endoderm'* No circulatory organs exist, and in most 
there are no traces of a nervous system. Peculiar stinging 
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organs, or " thread-cells" are usually if not always presint, and 
in most cases there is a radiate or star-like arrangement of tkt 
orgatu, -which is especially perceptible in Ike tentacles, which are 
in most instances placed round the mouth. Distinet reproductive 
organs exist in all. 

The leading feature which distinguishes the CatUnterala, and 
the one from which the name of the sub-kingdom is derived, is 
ihe peculiar arrangement of the digestive system. In the Pro- 
tosoa, as we have seen, a mouth is only very rarely present, and 
in no case is there any definite internal cavity bounded by the 
walls of the body, to which the name of "body -cavity" or 
" somatic cavity " could be properly applied. In most of thi; 
higher animals, on the other hand, not only is a permanent 
mouth present, but the walls of the body enclose a distinct and 
permanent chamber or body-caviiy. Further, it 




mouth opens into an alimentary or digestive tube, which is 
always distinct from the body-cavity, and never opens into it, 
usually passing through it to open on the surface by another dis- 
Hnct aperture (the anus). In most cases, therefore, the alimentary 
canal is a tube which communicates with the outer world by 
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two apertures — sl moath and an anus — but which simply passes 
throagh the body- cavity without in any way communicating 
with it. In the CaUnUraia the condition of parts is interme- 
diate in its amusement There is a distinct and permanent 
mouth, and there is a distinct and permanent body-cavity, but 
the mouth opens into, and thus communicates freely with, the 
body-cavity. In some cases the mouth opens straight into the 
general body- cavity, which then serves as a digestive cavity 
as well (fig. 22). In other cases there intervenes between the 
mouth and the body-cavity a short alimentary tube, which com- 
municates externally with the outer world through the mouth, 
and opens below by a wide aperture into the general cavity 
of the body (fig. 20). In no case is there a distinct intestinal 
tube which runs through the body-cavity and opens on the sur- 
face by a mouth at one end and an excretory aperture or anus 
at the other. Another leading character of the CaUnterata is 
the composition of the body out of two fundamental membranes 
(fig. 20), which are usually of a very simple structure, but 
which may be more or less complicated by the development oi 
muscular fibres and other tissues. The outer of these layers or 
membranes is known as the '* ectoderm,'* and it forms the whole 
of the outer surface of the body, terminating at the margins oi 
the mouth. The inner layer is known as the " endoderm," and 

it lines the whole of the interior of the body, 
being prolonged into the tubular tentacles round 
the mouth. Both of these membranes, but espe- 
cially the endoderm, are usually more or less 
richly furnished with vibrating cilia. The pecu- 
liar microscopic organs called "thread-cells," 
"nettle-cells," or "cnidae," which communicate 
to many of the Ccelenterata (such as the sea- 
jellies) their peculiar power of stinging, are 
structures found in the integument of almost all 
the members of this sub-kingdom, and sometimes 
in internal parts as well. They are very beauti- 
Fiff. ai.— Thread- ^^ objects of microscopical examination, and 
cell of the Hy- differ very considerably in the details of their 
niST"^ "***■ structure. They are, however, in most re- 
spects essentially the same as in the common 
Hydra or fresh- water polype, in which the thread -cells (fig. 
21} are "oval elastic sacs, containing a long coiled filament. 
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barbed at its base and serrated along its edges. When fully 
developed the sacs are tensely filled with fluid, and the slightest 
touch is sufficient to cause the retroversion of the filament, 
which then projects beyond the sac for a dis- 
tance, which is not uncommonly equal to many 
times the length of the latter" (Huxley). 

In accordance with the above-mentioned 
differences in the arrangement of the digestive 
system, the Calenterata are divided into two 
great classes, termed respectively the Hydrozoa 
and the Actinozoa, In the HydroBoa, there is 
no body- cavity distinct from the digestive 
cavity— or, in other words, the body-cavity is 
the digestive cavity, the mouth opening di- 
rectly into the body-cavity (fig. 22). In the pig. 22.— Diagram 
Actinozoa^ on the other hand, there is a distinct matic section of 
digestive cavity, but this opens directly into "^Z'^^^- 
the general body-cavity, so that the two form derm, the fine Une 
distinct but freely communicating divisions of *^? ^**^ J^ 

. ■* ** adjacent mdicate 

the same chamber. the endoderm. 

Class I. Hydrozoa. 

The Hydrozoa are defined as Coelenterata in which the walls 
of the digestive sac are not separated from those of the general 
cavity of the body^ the two coinciding with one another. The 
reproductive organs are external, in the form of outward pro- 
cesses of the body-wall (fig. 23). 

The Hydrozoa are all aquatic in their habits, and, with the 
exception of two genera, all are inhabitants of salt water. The 
class includes both simple and composite organisms, of which 
the most familiar are the sea -firs and their allies (Hydroid 
zoophytes), the fresh- water polype or Hydra, the sea-jellies 
(Medusce), and the Portuguese man-of-war {Physalid). Owing 
to the extremely complicated nature of many of the Hydrozoa, 
it appears advisable to preface their description by an explana- 
tion of some of the more important terms which are employed 
in connection with various members of the class. 

General Terminology of the Hydrozoa. 

Individual, — In order to understand fully the meaning which 
is attached to the term " individual " in zoological language. 
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it is TiesBSEBorr nj yarnrr* 'aiidv ac die 'mr?**? GeauiLes of 
regnntiirnnif as disoiaarcx in fiiTrrgAi: if* * \uns <j£ die 
kin^doiiL. RggrodtnTiiin is die jiuLa&c by nrwi-s- Q£w&ic& 
individnais sre jmihirrd and die perpenamBK of the 
insured. T!iis aid 3iair be MUi i Brti in '/aiiuiB i«sr& bnt these 
ail come indpr die rwa beads if ** Trmni ** imf ** mm rmral * 
rgninducnnn. In siexaat ^esrcidncrtan* br iridch ^ione can 
frcaii ^^■Twg*» be irodnrrff. .iimmg ' yL die mgacr wmaK the 
0^m0^ri:il eifTnpnr of die procsss a»Pi«tf-s in the fiocmatiKm of 
two disfinrr amcmres a ggrai-cen or ovmn; and a. npnrcdl 
or spennstDzmd. By die union at rhi?^e (frggfrnrr repcadncdie 
t^]i»mf^t^ fresh brrngs can he prodncad. iks a gtnexal mle, 
die germ-ceil is produced by one imnyidnal &male}» and the 
sperzn-ceH by anotfaer male. ; bat amongst die Lower anhnals 
it is not nnrnrnmnn Sir die sune inf&rtdual to p to diic e both 
of these drments^ in wiiicli case die in dividua l is said Id be 
** hermaphrodite." Amongst die lower .Tnfma^ howeven fresh 
beings may be produced witiioat die contact of a spcnBhcdl 
and an OTmtu — diat is to say, withont any g e miu ie act of 
reproduction. The processes by which this can be cfieded 
in different animals vary considefably. but they are all spoken 
of as forms of ** non-sexual * reproduction. The only Tarieties» 
however, of the process which require coosfedcratioo* are those 
in which firesh beings are produced by what is called ** gemma- 
tion* CT " fission.'" 

GemmaHcn (Lat. gewama^ a bad) consists in the production 
of a bud or buds, usually from the outside; bat sometimes from 
the inside of an animal ; which buds become derdoped into 
more or less completely independent beings. The fresh beings 
thus produced by budding are all known as aiids^ and are 
not spoken of as distinct animals for reasons which will be 
immediately evident When the zooids produced by budding 
remain permanently attached to one another and to the parent 
organism which produced them, the case is said to be one of 
** continuous " gemmation, and the ultimate result of this is to 
produce a colony or composite structure, composed of a num- 
ber of similar and partially independent beings, all produced 
by budding, but all remaining in org^ic connection. This is 
seen very well in the sponges, and in a great number of the 
HydroMoa, When, on the other hand, the zooids produced by 
budding become finally detached from the parent oiganism, we 
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have a case of what is called " discontinuous ** gemmation. In 
this case, the detached zo5ids become completely independent 
beings ; and they are often wholly unlike the original zodid in 
structure and in habits, so much so that they have in various 
cases been described as altogether distinct animals. Discon- 
tinuous gemmation is very well seen in many of the Hydrozoa, 
and in them the case is still further complicated by the coexist- 
ence of discontinuous gemmation with the continuous form of 
the process. Thus it is not an uncommon thing amongst the 
Hydrozoa to find a composite organism or colony produced 
from a primordial zodid by continuous gemmation, and having 
at the same time the power of giving rise to detached and com- 
pletely independent beings by a process of discontinuous gem- 
mation. 

In what is called " fission ** (Lat. findo, I cleave), exactly the 
same results are attained as in gemmation, but in a slightly 
different manner. In gemmation the new beings are produced 
by means of buds thrown out by a primitive zodid. In fission 
the new beings are produced by a cleavage or division of a 
primitive zodid into two or more parts, each of which becomes 
finally developed into a new and more or less completely inde- 
pendent being. In fission, as in gemmation, the new beings or 
zodids may remain permanently in connection with one another, 
when the process is a continuous one, and a composite organism 
is produced, as in many corals. Or, in other cases, the new 
zodids produced by fission are detached to lead an independent 
existence, as in some of the Hydrozoa, the process thus becom- 
ing a discontinuous one. 

We are now able to understand what is meant, in strict 
zoological language, by the term "individual," as applied to 
animals. Zoologically speaking, an individual is defined as 
"equal to the total result of the development of a single ovum'' 
In the higher animals there is no sort of difficulty about this, 
for each ovum gives rise to no more than one single animal, 
which cannot produce fresh beings in any other way than by 
producing another ovum. In this case, therefore, each animal 
is an individual. In the lower animals, however, the being 
produced by an ovum has often the power of giving rise to 
fresh beings by a process of gemmation or fission, and these 
beings may either remain attached to one another so as to form 
a colony, or may become detached to lead independent lives. 
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In either case, the term "individual" can only be properly 
applied to the whole assemblage of beings produced in this 
way, however much they may differ from one another in appear- 
ance, structure, or mode of life. In these cases, therefore, the 
individual may ht, firstly, a single independent being — as, for 
instance, an Amceba, or an Infusorian such as Paramceciutns 
secondly^ a colony or composite organism composed of a num- 
ber of more or less nearly similar beings or zooids, produced 
by budding from a primitive zooid — as, for, instance, a sponge, 
or such an Infusorian as Vorticella; and thirdly , an assemblage 
of zooids produced by budding or fission from a primitive 
being, but not necessarily remaining connected with one an- 
other or exhibiting any common features of likeness, as we 
shall see is the case in many of the Hydrozoa, Lastly, cases 
may occur in which the individual consists partly of similar 
zooids which remain permanently connected with one another, 
and partly of dissimilar zooids which are detached to lead an 
independent life, all alike being the result of the development 
of a single ovum. 

Zooid, — The term " zooid " is indifferently applied to all the 
more or less completely independent beings which are pro- 
duced by budding, or by cleavage from a primitive organism. 
It does not matter, therefore, for the purposes of this defini- 
tion, whether these beings remain permanently attached to 
the original organism, or whether they are finally separated to 
enjoy an independent existence. 

Hydrosoma, — The term *' hydrosoma " is one which is very 
conveniently applied to the entire organism in any Hydrozoon, 
whether this be simple, or whether it be composite and made 
up of a number of connected zooids. 

Polypite. — That portion of any Hydrozoon which is con- 
cerned with the process of digestion, or, in other words, the 
"alimentary region," is termed the "polypite" — the more 
generally current term of "polype" being now restricted in 
meaning to the same region in the higher Coslenterata {Actin- 
ozod). In such of the Hydrozoa as the fresh-water polype or 
Hydra, in which the hydrosoma is simple, the whole organ- 
ism is termed a polypite ; but the term is more generally em- 
ployed to indicate the nutritive zooids of any compound 
Hydrozoon, 

Cosnosarc, — The term "coenosarc" (Gr. koinos, common; 
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sarx^ flesh) is employed to designate the common trunk or flesh 
by which the separate polypites of any compound Hydrozoon 
are united into a single organic whole. 

Distal and proximal, — These are terms applied to different 
extremities of the hydrosoma. It is found that one extremity 
grows more quickly than the other, and to this free-growing 
end — at which the mouth is usually situated — the term " distal " 
is applied. To the more slowly-growing end of the hydrosoma 
the term " proximal " is applied. When the Hydrozoon is fixed 
to any solid object, it is by the proximal end that attachment 
is effected ; but in such forms as are permanently free this 
mode of distinction is inapplicable. The terms may be used 
either in reference to a single polypite in the compound Hydro- 
zoa, or as regards the entire hydrosoma, whether this be simple 
or compound. 

Polypary, — The term " polypary " or " polypidom ** is applied 
to the homy or chitinous outer covering or envelope with 
which many of the Hydrozoa are furnished. These terms have 
also been not uncommonly employed to designate the ver>' 
similar structures produced by the much more highly organised 
sea-mats and their allies {Polyzoa\ but it is better to restrict 
their use entirely to the Hydrozoa, 
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CHAPTER V. 

DIVISIONS OF THE HYDROZOA. 

The Hydrozoa are divided into six great divisions, each ot 
which requires some notice, as presenting points of special in- 
terest These divisions or sub-classes are known by the names 
of Hydroida, Siphonophora, Discophora, Lucemarida, Grap- 
tolitidcB^ and Hydrocorallince, 

SUB-CLASS HYDROIDA. 

This sub-class comprises all the sea-firs and their allies, com- 
monly known to naturalists as the *' Hydroid zoophytes," from 
their resemblance to the fresh-water polype {Hydra\ which is 
also a member of this division. The Hydroida are defined by 
the fact that they consist of an alimentary region or '*polypite!* 
which is furnished with a mouth and prehensile tentacles at its 
distal end, and with an adherent disc at its proximal extremity. 
In some few cases the hydrosoma consists of but one such 
polypite (as in the Hydrida and some of the Corynida) ; but 
generally the hydrosoma is composed of a greater or less 
number of similar polypites all united by a coenosarc or com- 
mon trunk (as in the majority of the Corynida, and in the 
Sertutarida and Campanularida). In the great majority of 
cases, also, the hydrosoma is not unattached, but is fixed to 
some solid object by its proximal extremity or hydrorhiza. 
The Hydroid zoophytes exhibit three principal types of struc- 
ture, which constitute so many orders. 

Order I. Hydrida. — In the first order we have only the 
well-known fresh-water polypes or Hydrce, of which we may 
take the common green Hydra {H. viridis) as the type. This 
singular little creature may be found with a little trouble in 
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most of our streams and pools, and it is quite visible to the 
naked eye, though it can only be satisfactorily examined by tlie 
help of the microscope. When uncontracted, the body of the 
Hydra is in the form 
□f a cylindrical tube 
(fig. 23), composed of 
the two fundamental 
layers, the ectoderm 
and endodemt, of 
which the former con- 
tains many thread - 
cells, and is likewise 
fumbhed with numer- 
ous green grani^les, 
stated to be identical 
with "chlorophyll," or 
the green colouring- 
matter of plants. At 
the base or proximal 
entremity of the cylin- 
drical body is a kind 
of disc-shaped sucker 
orbydrorhiza, by means . 
of which the animal 
can attach itself at 
will to any foreign 
body. Its favourite y\. 
position appears to be viridiM\ k 
that of hanging head- 

downwards, suspended u,^ ,„ ;„ imaior ; t A tingle lafg.ovum, promid. 
from the stem of some ing from ihe side ot ike body ;i/DiK of alUchment 

water-plant. Itisnot, <"M"'ii™'> 

however, pennanently fixed, but it can detach itself and change 
its place at will. At the opposite or distal extremity of the 
body is placed the aperture of the mouth, surrounded by a 
circle of from five to fifteen small tubular filaments, which are 
termed the "tentacles" (fig. 23, a). Each tentacle consists of 
a tubular prolongation of both ectoderm and endoderm, and 
encloses a canal which opens at its base into the general cavity 
of the body. The ectoderm of the tentacles is richly furnished 
with thread-ceHs, and they are also well supplied with muscu- 
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lar fibres. They exhibit the most extraordinary contractility, 
being capable of retraction till they appear as nothing more 
than so many little warts or tubercles, and of being extended to 
a length which is in some species many times longer than the 
body itself. (In Hydra fusca the tentacles can be protruded 
to a length of more than eight inches.) The tentacles are the 
organs by means of which the Hydra obtains its food, consist- 
ing chiefly of minute aquatic organisms, such as small worms, 
insects, Crustacea and Roiifera, These are seized by the ten- 
tacles and gradually drawn into the mouth ; but in addition to 
this merely mechanical action, the tentacles appear to exercise 
a benumbing or even fatal influence upon the animals g^rasped 
by them, — ^this being apparently due to the thread-cells with 
which they are furnished. The mouth in the Hydra opens 
directly into a capacious cylindrical cavity, which is excavated 
along the whole length of the body, and which is both the body- 
cavity and the stomach in one. This cavity (fig. 22) is filled 
with water derived from the exterior, and also with the nutri- 
tive particles derived from the food. Indigestible fragments 
appear to be rejected by the mouth, though an anal aperture 
has been asserted to be present There are no internal organs 
of any kind. Physiologically, therefore, the Hydra presents 
little advance upon the higher Protozoa^ such as the Infusoria, 
There is a permanent mouth, surrounded by permanent and 
special organs adapted for the seizure of food. There is also 
a permanent internal cavity for the reception and digestion of 
the food, but this is not shut off from the general cavity of the 
body. There is no organ for the propulsion of the nutritive 
fluicf through the body, no nervous system or organs of sense, 
and no special respiratory or excretory organs. Another and 
striking proof of the essentially low position of the Hydra in 
the animal scale is to be found in its extraordinary capacity of 
resisting mutilation, or, in fact, mechanical injury of any kind 
short of absolute annihilation. The briefest illustration of this 
fact is all that can here be given, but with that the name of 
Trembley of Geneva must be associated. This well-known 
observer, in a long series of experiments, most of which have 
been successfully repeated by subsequent naturalists, discovered 
that the Hydra could be mechanically divided with a knife into 
any number of fragments, with the sole result that each and 
all of these possessed the power of developing themselves into 
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fresh and independent polypites. Further, the animal could 
even be turned inside out, with a necessary transp>osition of the 
ectoderm and endoderm, without any apparent inconvenience 
or interference with its health. 

Reproduction in the Hydra is effected non-sexually by gemmation, 
and sexually by the production of ova and sperm-cells ; the former 
process being followed in summer and the latter in autumn, few in- 
dividuals appearing to survive the winter. In the first or non-sexual 
method, the Hydra throws out one or more buds, usually from near 
the fixed or proximal extremity. These buds at first consist simply of a 
tabular prolongation of the ectoderm and endoderm, enclosing a cavity 
which communicates with the general cavity of the body. A new 
mouth and tentacles are soon developed at the distal end of this bud, 
and after a longer or shorter period the new Hydra, thus produced, is 
detached to lead an independent life. Each Hydra can produce many 
such buds daring the summer season, and the liberated buds can also 
repeat the same process, so that in this way reproduction is rapidly 
carried on. In the second or sexual method of reproduction, ova and 
sperm-cells are produced towards the winter in external processes of 
the body-walL The spermatozoa are developed in Httle conical eleva- 
tions (fig. 23, b), which are produced near the bases of the tentacles ; 
and the ova are formed in much larger elevations, of which there is 
ordinarily but one, placed nearer to the fixed or proximal extremity of 
the animal (fig. 23, r). When mature, the ovum is fertilised by the 
sperm>cells, both being set free into the water by the rupture of the 
body-wall. The embryo Hydra is at first covered with vibrating cilia, 
and swims fireely about, until it meets with a suitable locality. It 
then fixes itself by one extremity, the cilia drop off, and a mouth and 
tentacles are developed at the distal end of the body. 

Order II. Corynida. — In the second order of the Hydroid 
zoophytes, known as the Corynida or Tubularida, we have a 
number of organisms which in their essential structure are 
closely related to the Hydra, but which differ considerably in 
the nature of the reproductive process. All of them are marine, 
with the single exception of the genus Cordylophora, which 
inhabits fresh water. Some of the members of the order are 
simple, consisting of no more than a single polypi te. In these 
cases there is an exceedingly close approach to the structure 
of the common Hydra, but the polypite is permanently fixed 
without the power of voluntarily changing its place, whilst the 
reproductive process is considerably different. In the majority 
of the Corynida, however, the hydrosoma is compound, consist- 
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ing of a greater or less number of separate polypites or zooids, 
all connected with one another by a common flesh or ccenosarc, 
and all forming parts of a plant-like rooted colony. In some 
of the Corynida the polypites are naked, but in most cases the 
ccenosarc is protected by a homy- 
looking chitinous* envelope or"poly- 
pary," as in Tubularia indivisa (fig. 
24). In no case, however, is this 
homy covering so prolonged as to 
form little cups in which each poly- 
pite is contained. It always stops 
short at the bases of the polypites, 
and in this way the Corynida can 
always be distinguished from their 
near allies, the sea-firs {Seriularida). 
As a good example of the Cory- 
nida, the common pipe - coralline 
{Tubularia indivisa) may be taken. 
In this animal (fig. 24) we have a 
gregarious zoophyte consisting of 
numerous clustered homy tubes, 
fixed by their bases to shells or 
stones, and inhabiting most of our 
British seas. The tubes are usually 
unbranched, though often consider- 
ably interwoven together. Each tube 
is filled with a soft semi-fluid, reddish 
ccenosarc, and gives exit at its distal 
extremity to a single polypite. The 
colour, and are not retractile within 
their tubes, the horny polypary extending only to their bases. 
The polypites are somewhat conical in shape, the mouth being 
placed at the apex of the cone, and they are furnished with two 
sets of tentacles. One set consists of numerous short tentacles 
placed directly round the mouth, the other is composed of 
from thirty to forty tentacula of much greater length arising 
from the polypite about its middle or near its base. Near the 
insertion of these tentacles the generative buds are produced 
at proper seasons. In Eudendrium (the branched pipe-coral- 

' CMtim ii a niluuiice which u nevly illied to horn, but is dis^inguilhcd (roai 
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line) the essential structure is much the same as in Tubularia, 
but the hydrosoma is now truly compound, consisting of a 
number of non-retractile reddish pol3rpites, united by a coeno- 
sarc, which is furnished with a homy polypary, the whole 
colony assuming a singularly close resemblance to a plant. In 
Cordylophora — the only fresh-water member of the order — we 
find also a branched composite hydrosoma carrying numerous 
polypites, and having the coenosarc defended by a horny sheath 
(fig. 25, a, b\ In Coryoinorpha^ finally, we have a type of the 




Fig. 35. — a Fragment of Cordylophora lacustrist slightly enlarged ; b Fragment 
of the same, considerably enlaiged, showing a polypite and three gonophores 
in different stages of growth ; c Portion of Syncoryne Sarsii, with medusiform 
zoAids budding between the tentacles. 

Cofynida, in which the hydrosoma consists of no more than a 
single polypite, and there is no polypary. It is about four 
inches in length, and is fixed by filamentous roots to the bot- 
tom of the sea. It consists of a single whitish pol3rpite, striped 
with pink, and terminating upwards in a pear-shaped head, 
furnished with two sets of tentacles, the shorter of which forms 
a circlet round the mouth. When young, the body of the ani- 
mal is enclosed in a thin membranous tube, which seems to 
be wholly without organic connection with the animal itself, 
and which is wanting in fully-grown specimens. 

As regards the generative process in the Corynida, it may be 
as well to consider the general phenomena of reproduction as 
carried on by all the Hydroid zoophytes, the general characters 
of the process being of a most remarkable nature. As has 
been already explained, the individual in the case of the com- 
pound Hydrozoa consists of an aggregation or colony of par- 
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tially independent beings or zooids, produced by gemmation or 
fission from a primordial organism. This is the case in all com- 
posite animals, such as sponges, sea-mats, corals, and many 
others. In many of the compound Hydrozoa^ however, the case 
becomes still further complicated. In many of these organisms, 
namely, the zooids differ very much from one another both in 
structure and in function. One set of zooids is entirely devoted 
to the duty of providing food for the colony, and in these no 
reproductive organs are ever developed. These nutritive zodids 
are all like each other in form, and the whole assemblage 
of them has been appropriately termed the "trophosome" 
(AUman), from the Greek trepho, I nourish ; and somat body. 
The colony or trophosome thus formed by the nutritive zodids 
can go on increasing by the production of fresh zooids for an 
almost indefinite period ; but in all cases there ultimately comes 
a time when it becomes necessary to produce the essential ele- 
ments of reproduction in order to secure the perpetuation of 
the species. The nutritive zodids, as just stated, cannot pro- 
duce the ova and sperm-cells, being destitute of reproductive 
organs, and the colony is therefore compelled to produce a 
second set of buds, which have the power of producing the 
essential elements of reproduction. These buds are collectively 
called the " gonosome " (Gr. gonos, offspring ; and sotna^ body). 
The generative buds have the further peculiarity that not only 
can they produce the generative elements, but they are alto- 
gether unlike the nutritive zodids in appearance. This differ- 
ence in external appearance and in structure is sometimes so 
great as to lead to a most remarkable series of phenomena. In 
the simplest form in which these generative buds or "gono- 
phores " appear, they have the form of mere protuberances 6i 
the ectoderm and endoderm (fig. 26, a), enclosing a cavity 
derived from the body-cavity. In these buds the generative 
elements — ova and spermatozoa — are developed (fig. 25, b). In 
other instances, the generative buds have a more complicated 
structure. They consist now (fig. 26, c) of a bell-shaped disc, 
which is attached by its base to the parent organism, and has 
its cavity turned outwards (see also fig. 25, c\ From the root 
of this disc there is suspended a kind of handle, which corre- 
sponds to the clapper of the bell, and is termed the " manu- 
brium " (Lat for handle). From the fixed or proximal extremity 
of the central process or manubrium proceed four or eight 
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canals, which extend to the margin of the bell, where they all 
open into a circular canal surrounding the mouth of the bell. 
This bell-shaped reproductive bud may attain no higher devel- 
opment than this, and may remain permanently attached to 
the parent organism from which it is produced. In other cases, 
however, a higher state of development is reached (fig. 26, //, 
and fig. 27). The generative bud or gonophore becomes de- 
tached from its parent colony; the manubrium or central pro- 
cess develops a mouth at its free or distal extremity; the mouth 
of the bell becomes partially closed by an inward prolongation 
or shelf, called the " veil ; " and a series of tentacles are devel- 
oped from its margin. The generative bud, thus liberated, leads 
a wholly independent existence. The manubrium, having^de- 
veloped a mouth, assumes the functions of a true polypi te, and 






Fig. 36. — Generative buds or gonophores of the Hydrozoa diagrammatically repre- 
sented, a Simple gonophore, consisting merely of a protuberance of the ecto- 
derm and endoderm ; b Somewhat more developed form of the same ; c Gono- 
phore which has the structure of a Medusa (medusoid), but is not detached ; d 
Free medusiform gonophore. 

its cavity acts as a digestive sac. The whole organism swims 
about freely, and has the power of assimilating food, and thus 
of attaining to a comparatively gigantic size. This independent 
existence, however, only goes on till such time as the elements 
of reproduction can be produced. The ova and sperm-cells are 
developed in specialised portions of this generative bud, and 
then it ceases to exist. The ova, however, when fertilised, do 
not develop themselves into the free-swimming bell-shaped 
organisms in which they were actually produced, but into the 
plant-like, rooted, and compound zoophyte, from which the 
generative buds were originally given forth. These free- 
swimming bell-shaped reproductive buds or gonophores (fig. 
27), as we shall see, are identical structurally with the smaller 
forms of the so-called sea-jellies or Medusa; and it is now 
known that most if not all of these Medusce, though originally 
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described as distinct beings, are really nothing more than the 
free generative buds of the fixed Hydrosoa. We have here, 
then, an instance of what has been not quite appropriately 




called "alternation of generations." We have a compound filed 

animal, in many respects comparable to a plant, producing a 
special series of buds which are devoted to the process of re- 
production. These buds are cast off as independent beings to 
lead an independent life, and they are furnished with the neces- 
sary oi^ns to preserve their existence till they arc able to 
mature the reproductive elements. When once able to consum- 
mate this, they die ; but the young to which they give origin 
are wholly unlike themselves. The young, namely, instead of 
being free-swimming " medusiform " beings, become developed 
into the fixed plant-like colony from which the generative buds 
were originally produced. The term "alternation of genera- 
tions " is not an altogether good one, and does not quite express 
the facts of the case. There is not any alternation of genera- 
tions, but there is an alternation of generation with gemmation 
or budding. The only true generative act takes place in the 
reproductive zofiid or gonophore, in which the ova and sperm- 
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cells are developed. The production of this gonophore from 
the parent organism (trophosome) is a process, not of genera- 
tion, but of gemmation or budding. The whole process, there- 
fore, is, properly speaking, not an " alternation of generations," 
but an alternation of generation with gemmation. 

To recapitulate, then, — the process of reproduction in the 
Hydrold zoophytes is carried on by means of reproductive 
buds or gonophores, which are produced at special seasons. 
and in which the reproductive elements are developed. These 
generative buds differ a good deal in their character, but three 
chief kinds may be distinguished : i. Simple closed sacs or 
protuberances, formed out of both ectoderm and endoderm, 
and having the special elements of generation developed in 
their interior. 2. Bell-shaped buds attached to the parent 
colony by their bases, and having a central process or manu- 
briiiin« which is furnished with a mouth and central cavity, 
from ndiich there is given off a system of canals to ramify in 
the substance of the disc. The reproductive elements are 
developed either in the walls of these canals or between the 
ectoderm and endoderm of the manubrium. P>om the resem- 
blance of these buds in anatomical structure to the so-called 
sea-jellies or Medusa, they are usually spoken of as " medusi- 
fbrm gonophores," or simply as "medusoids." In this form, 
however, though highly organised, the buds never become de- 
tached from the parent colony. 3. Buds which become devel- 
oped into bell-shaped medusiform bodies exactly similar in 
structure to the last, but detached to lead an independent 
existence. These free-swimming medusiform gonophores are 
anatomically indistinguishable from ordinary Medusa; and it 
is now known that most, if not all, of the so-called " naked- 
eyed" Medusa, are really the detached generative buds of 
other orders of Hydrozoa, The special elements of reproduc- 
tion are developed in these detached buds, but the resulting 
embryos are not developed into Medusa, such as produced the 
ova and sperm-cells, but straightway grow up into the plant- 
like sexless colony, from which the medusiform gonophores 
were originally budded forth. In these cases, therefore, the 
individual Hydroid consists of a fixed, rooted colony (or tro- 
phosome), producing fresh zooids by a process of budding, but 
incapable of producing the essential elements of reproduction, 
together with a free and independent series of generative' 
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buds (or gonosome), in which the elements of reproduction are 
developed. 

Order III. Sertdlarida. — In this order of the Hydroida 
we have the most familiar and best known of all our loophytea 
— namely, the sea-firs and their allies. The homy plant-like 
polyparies of the Sertularida are familiar to every visitor at the 
sea-side, and by those unacquainted with their true nature they 
are almost univer^ly set down as sea-weeds. The Sertularida 
are very closely allied to the compound forms of the CorynuU, 
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resembling them in being rooted, plant-like colonies, composed 
of anumber of similar polypiies or zoo ids, produced by budding 
from a primitive zooid. As in the Tubularians amongst the 
Corynida, the whole ccenosarc is enveloped in a horny or chiti- 
nous envelope or polypary (fig. 28, a), and this is the structure 
which is most familiarly known to sea-side observers. The 
Sertularida, however, are distinguished from the Corynida by 
two points. Firstly, none of the Sertularida are simple, but 
are all compound, consisting of more or less numerous poly- 
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pites, united by a branched coenosarc. Secondly, the polypary 
of the Sertularida differs from that of the Corynida in not 
simply reaching to the bases of the pol3rpites, but in being pro- 
longed to form a number of little cups or "hydrothecse" (fig. 
28, a, S) within which the polypites are lodged. Each polypite 
has a hydrotheca of its own, within which it can entirely with- 
draw, and from which it can protrude its distal extremity. 

The pol3rpites of the Sertularida have essentially the same 
structure as in the Corynida^ and each may be compared to a 
little Hydra, Each, namely, consists of a soft contractile and 
extensile body, which is furnished at its distal extremity with a 
mouth and a circlet of prehensile tentacles, richly furnished with 
thread-cells. The mouth opens into a chamber which occupies 
the whole length of the polypite, and which is to be regarded 
as the combined body-cavity and digestive sac. At its lower 
end this chamber opens by a constricted aperture into a tubular 
cavity, which is everywhere excavated in the substance of the 
coenosarc (fig. 28, b). The nutrient particles obtained by 
each polypite thus serve for the support of the entire colony, 
and are distributed throughout the entire organism. The nutri- 
tive fluid prepared in the interior of each 
polypite gains access through the above- 
mentioned aperture to the cavity of the 
ccenosarc, which, by the combined exer- 
tions of the whole assemblage of poly- 
pites, thus becomes filled with a granular 
nutritive liquid. This coenosarcal fluid 
is in constant movement, circulating 
through all parts of the colony, and thus 
maintaining its vitality — the cause of 
the movement being probably due, in 
part, at any rate, to the existence of 
vibrating cilia. 

The process of reproduction varies 
somewhat in different members of the 
order. In all alike, however, the or- 
dinary polypites are incapable of pro- 
ducing the essential elements of re- 
production, and for this purpose special generative buds have 
to be developed. In the typical Sertularians the reproductive 
buds are developed at certain seasons in great numbers, and 




Fig. 99. — Ovarian capsule 
of Diphatia (Sertularia) 
oPtrculatat Linn. ' (After 
Hincks.) Greatly enlarged. 
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they constitute what used to be called the "ovarian vesicles' 
or "capsules" (fig. 29). These reproductive buds are enclosed 
in homy cups or receptacles, often of a very beautiful shape, 
and much larger in size than the ordinary hydrothecie (fig. 28, 
a, tf). Each bud may be compared to a polypite destitute of a 
mouth and tentacles, being composed of a protuberance of the 
ectoderm and endoderm, containing a prolongation from tbt 
general cavity of the coenosarc. The essential elements of re- 
production are developed between the ectoderm and endodenn 
of the bud, and the resulting embryo is finally liberated as a 
little oval body covered with cilia, with which it swims freely 
about, until it meets with a suitable locality, when it fixes itself, 
loses its cilia, and by budding soon develops another colony. 
As a general rule, each capsule in the Striularida contains 
a number of the reproductive buds, which are all borne upon 
a central axis which runs up the 
middle of the capsule, and is de- 
rived from the ccenosarc. 

In one division of this group- 
often described as a separate order, 
under the name of Campanuiari^ 
— some points of difference are 
observable. In the typical Sertu- 
larians the little cups or hydrotheca 
for the polypites are placed on the 
sides of the branches, and they are 
not stalked (fig. 28, e^, whilst the 
reproductive elements are produced 
in iixed buds. In the Campanu- 
larida, on the other hand (fig. 28, 
b), the hydrotheca: are supported 
upon stalks, and are placed at the 
ends of the branches, whilst the 
generative buds are usually de- 
tached to lead an independent 
existence. In these forms the re- 
productive zodids or gonophores 
mple buds ; but they be- 
ning tnedusoids, such 
s have been before alluded to. Each medusoid consists of a 
little transparent glassy belt, from the under surface of which 




gradually developed ii 



DIVISIONS OF THE HYDROZOA. 79 

there is suspended a modified polypite, in the form of a manu- 
brium (fig. 30). The whole organism swims gaily through the 
water, propelled by the contractions of the bell or disc ; and no 
one would suspect now that it was in any way related to the 
fixed plant-like zoophyte from which it was originally budded 
off. The central polypi te is furnished with a mouth at its distal 
end, and the mouth opens into a digestive sac. From the 
proximal end of this stomach proceed four radiating canals 
which extend to the margins of the bell, where they all open 
into a circular vessel which runs round the mouth of the bell. 
From the circumference of the bell hang also a number of 
delicate extensile filaments or tentacles ; and the margin is 
further adorned with a series of brightly-coloured spots, which 
are probably rudimentary organs of vision and hearing. The 
mouth of the bell is partially closed by a delicate transparent 
membrane or shelf, the so-called "veil.** Thus constituted, 
these beautiful little beings lead an independent and locomotive 
existence for a longer or shorter period. Ultimately ova and 
sperm-cells are produced in special organs, which are devel- 
oped in the course of the radiating canals of the disc. The 
resulting embryos are minute free-swimming bodies, covered 
with cilia, which finally fix themselves, and develop into the 
plant-like colonies from which the medusoids were derived. 
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CHAPTER VI. 

SUB-CLASS SIPHONOPHORA. 

The animals included under the name of Siphonophora are 
often known as the " oceanic Hydrozoa," as they are not fixed 
like the Hydroid zoophytes, but are found swimming at the 
surface of the open ocean, far from land. They are all singu- 
larly delicate and beautiful organisms, but they require little 
notice here. They are distinguished from the Hydroid zoo- 
phytes, which we have been just considering, by the fact that 
the hydrosoma consists of numerous polypites, united by a 
common trunk or coenosarc, which is very rarely branched, and 
is never furnished with any hard outer covering or polypary, so 
that it remains permanently soft and flexible throughout life. 
The proximal end of the coenosarc, as already remarked, is not 
fixed, or capable of being fixed, to any solid object, but is vari- 
ously modified to suit the requirements of the floating colony. 
As in the Hydroida, the reproductive organs are in the form of 
special buds, which have the power of developing the essential 
elements of generation, and which are often detached as free- 
swimming medusoids. 

The entire sub-class is divided into two great groups or 
orders, and it will be sufficient to consider shortly a t)rpical 
form of each. In the first order — that of the Calycophorida — 
the coenosarc is thread-like, cylindrical, unbranched, and highly 
contractile. The cavity of the coenosarc dilates proximally 
into a peculiar ciliated chamber, which is the distinguishing 
character of the order (fig. 31,3, b). The name of Calycophorida 
(Gr. kalux, a cup ; and phero, I bear), is, however, derived from 
another circumstance — namely, that the proximal end of the 
coenosarc is always furnished with a series of bell-shaped discs, 
which are known as "swimming-bells" or *' nectocalyces." 
Each nectocalyx consists of a bell-shaped cup (fig. 31, 2), at- 
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tached by its base to the ccenosarc, and having its cavity 
turned outwards. In the substance of the disc run at least 
four canals, which communicate with the cavity of the cczno- 
sarc, and proceed to the margin of the bell, where they all 
open into a circular vessel. The mouth of the bell is also 
furnished with a delicate ledge, which t^ns round its circum- 
ference, and is known as the "veil." The structure, therefore, 
of the nectocalyces, is very similar to that of an ordinary medu- 
siform gonophore, the chief difference being the absence in the 
former of the central polypite or manubrium. The nectocalyces 
are highly muscular, and have the power of alternately con- 
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■ PhftB^arid; a Flwl : 9. VogUa fnlncanlia, one of the Call 
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tracting and dilating, thus driving the whole organism through 
the water. In Vogtia (fig. 31, 2). which may be taken as a 
good example of the group, the nectocalyces (n) are succeeded 
by a group of polypites {p). Each polypile is furnished wilh a 
mouth opening into a digestive sac, which in tu) 
cates with the cavity of the ccenosarc. In most ii 
not in Vogtia, each polypite is protected by a kind of overarch- 
ing plate, which is termed a "bract." The mouths of the 
polypites are not furnished with a circlet of tentacles, but each 
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polypite has only a single tentacle developed from near its base. 
The tentacles are usually of a very g^eat length, and furnished 
with lateral branches, provided with numerous thread-cells. 
The reproductive organs of the Calycophorida are in the form 
of medusiform gonophores, which are budded from the stalks 
of the polypites, and which are mostly detached to lead an in- 
dependent existence. 

The second order of the oceanic Hydrozoa is that of the 
Physophorid(E (Gr. physa, a bladder ; and phero^ I carry), of 
which the most familiar, though not the most typical, example 
is the Portuguese man-of-war, Physalia utriculus (fig. 32, a). 
The PhysophoridcB are distinguished from the organisms 
which we have been just considering by the fact that the proxi- 
mal extremity of the coenosarc is developed into a structure 
which is known as the " float " or " pneumatophore." The float 
contains a larger or smaller sac, composed of some elastic 
horny substance, probably chitine, often communicating with 
the exterior by one or more apertures, and always more or less 
completely filled with air. This sac is enclosed in a reflection 
of the ectoderm and endoderm, so that it is really outside the 
cavity of the coenosarc (fig. 31, i, a). The function of the float is 
no doubt that of enabling the organism to maintain its position 
at the surface of the sea. As in the Calycophorida, the coeno- 
sarc is always perfectly flexible, contractile, and soft, and is 
never furnished with any chitinous covering or polypary. 
There may or may not be swimming-bells or nectocalyces, and 
the tentacles are very complicated in structure, and often attain 
a length of many feet. The polypites present no special points 
of interest, but are often furnished with the protective plates, 
which have been already spoken of as " bracts." 

As a good example of the PhysophoridcB, the Portuguese 
man-of-war may be taken (fig. 32, ct). It is composed of a 
large spindle-shaped float, often of several inches in length, 
upon the under surface of which are arranged a number of 
polypites, together with highly-contractile tentacles of great 
length, and reproductive organs. The tentacles are richly 
furnished with thread-cells ; and it has the power of stinging 
very severely. Physalia is commonly found floating at the 
surface of tropical and sub-tropical seas, and fleets of it are 
occasionally driven upon our own shores. 

Another very beautiful member of the Physophorida is the 
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VeUila vulgaris, which occurs abundantly in many seas, and 
is sometimes fioaled to our own coasts. It is about two inches 
in len^h by one and a half in heighL The proximal end of 
the ccenosarc is greatly expanded and flattened out into an 
OTal disc, which carries a vertical triangular crest, running 
c^liquely across its upper surface (tig. 32, b). The whole 
organism is semi-transparent and of a beautiful bluish colour, 
and it floats at the surface of the sea with the vertical crest 
exposed to the influence of the wind, and thus officiating as a 
sail. From the under surface of the disc are suspended the 




various appendages of the oi^nism, consisting of a single 
large central polypite, a number of processes, like polypites in 
shape, and carrying medusiform gonophorfs ; and lastly, a 
single series of tentacles which arise from the ccenosarc quite 
independently of the polypites. 
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CHAPTER VII. 

SUB-CLASS DISCOPHORA. 

• 
The group of Hydrozoa here spoken of as Discophora or 
Medusida comprises most of the familiar organisms known to 
visitors at the sea-side as sea-jellies, jelly-fishes, or sea-nettles ; 
this last name being derived from the power possessed by some 
of them of stinging pretty severely in virtue of the possession 
of numerous thread-cells. Under the name, however, of sea- 
jellies are included a number of large organisms, extremely 
common at certain seasons in our seas, but now known to be 
properly referable to another g^oup of the Hydrozaa (viz., 
Lucernarida), It is these large forms which alone possess any 
power of stinging man, and to these the term of " sea-nettles " 
ought properly to be restricted. They are better known under 
the name of " hidden-eyed " Medusa, applied to them by the late 
Edward Forbes. Under the present g^oup of the Medusida 
are included only a number of comparatively small jelly-fishes, 
found in great abundance at certain times, floating in the open 
sea, but nevertheless little known to the general public in con- 
sequence of their minute size. These delicate and diminutive 
organisms were originally described by Edward Forbes, for 
reasons to be immediately stated, as the " naked-eyed ** Medusce. 
It is now known, however, that most of these naked-eyed 
Medusa: are in reality nothing more than the free-swimming 
generative buds, or medusiform gonophores, produced by 
budding from so many of the other Hydrozoa, and then de- 
tached, as we have formerly seen, to lead an independent 
existence. That this is their true nature, is shown by the fact 
that the eggs which they produce, develop themselves, not into 
fresh Medusa, but into various other forms oi Hydrozoa, which 
are fixed or oceanic. Under these circumstances, therefore, 
the naked-eyed Medusce which can be shown to be of this 
nature, cannot, of course, be regarded as distinct animals at 
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all. Still, there remans a considerable group of naked-eyed 
Medina to which this explanation has not hitherto been shown 
to apply. In most of the memliers of this group the course of 
development is quite unknown, and therefore their true nature 
is a matter of doubt Two families, however, of this group, are 
stated to produce eggs which develop directly into Medusa, 
such as those which gave origin to the eggs ; and if this obter* 
vation is conlirmed, these, at any rate, must, be regarded as 
true Medusida, In the meanwhile, therefore, it is best to re- 
gard the group of the Discophora or Medusida as of a question- 
able nature, and as including forms which may ultimately be 
shown to be nothing more than the detached zoSids of other 
Hydreaoa. Under these circumstances it will not be requisite 
to do more than very briefly to describe the anatomical struc- 
ture of a typical Medusid; and this is the less necessary, since 
it will be seen at once that the structure is in all essential 
respects identical with what has been already described in 
speaking of the free medusiform gonophores of the Hydroid 
zoophytes. 




. In all the naked-eyed Medusa, whether these be really the 
free-swimming generative buds of other Hydrotoa or not, of 
which Thaumantias (fig. 33) may be taken as a good example, 
the general structure is briefly as follows : The hydrosoma is 
perfectly free and is oceanic, being found swimming near the 
surface in the open ocean. The body is composed of a thick, 
transparent, gelatinous disc or swimming-bell [the nectocalyx). 
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by the pulsations of which the animal is driven through the 
water. From the under surface or roof of this bell-shaped disc 
is suspended a single polypite (the manubrium), which bears 
to the disc the same relative position as the clapper does to an 
ordinary hand-bell. The distal end of the central polypite is 
furnished with a mouth, the lips of which are often prolonged 
into four longer or shorter lobes or processes. The mouth 
opens into a digestive sac, occupying the axis of the polypite ; 
and from the upper end of this proceed four radiating canals, 
which run in the substance of the disc to its margin, where 
they are united by a single circular vessel, the whole system 
constituting the so-called "gastro-vascular" or "nectocalycine" 
canals. The margin of the bell is narrowed by a kind of shelf, 
which runs round the whole circumference, leaving a central 
aperture, and which is known as the " veil." From the margin 
of the disc hang more or less numerous tentacles, which are 
hollow processes of the ectoderm and endoderm, and which 
communicate with the circular vessel of the canal - system. 
Also round the circumference of the swimming- bell are dis- 
posed certain " marginal bodies," which are doubtless organs of 
sense. Some of these marginal bodies consist of little rounded 
sacs or " vesicles," filled with a transparent fluid, and contain- 
ing mineral particles, apparently of carbonate of lime. These 
are probably rudimentary organs of hearing. Others of the 
marginal bodies are in the form of little masses of colouring- 
matter or pigment, often of a strikingly bright colour, enclosed 
in distinct cavities. These are known as the " pigment-spots " or 
"eye-specks," and they are believed to be rudimentary organs 
of vision. They are placed in a conspicuous and unprotected 
position on the margin of the disc, and hence these organisms 
were termed " naked-eyed " Medusce by Edward Forbes. The 
reproductive organs are mostly developed in the course of the 
radiating gastro-vascular canals, but are sometimes situated in 
the walls of the central polypite. The above is the essential 
structure of any of the ordinary naked-eyed Medusce j and it 
is hardly necessary to remark that it is exactly similar to what 
has been formerly described as distinguishing the undoubted 
free-swimming reproductive buds of the fixed Hydrozoa, The 
probabilities, therefore, as before said, are in favour of the 
belief that the entire group of the Discophora will have to be 
ultimately done away with ; though there are some forms which 
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be directly developed, and which may, therefore, 
really constitute a distinct group. 

The naked-eyed Medusa (tig. 34) are all exceedingly elegant 
and attractive, when examined in a living condition, resembling 
little bells of the most transparent glass, adorned here and 
there with the most brilliani colours. They occur, in their 
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proper localities and at proper seasons, in enormous numbers. 
They are mostly phosphorescent, or capable of giving out light 
at night, and they appear to be one of the principal sources of 
the luminosity of the sea. It does not seem, however, that 
they phosphoresce unless disturbed or irritated in some way. 
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CHAPTER VIIL 

SL'B^XASSES LUCERXARIDA, GRAFTOLmD.t, 
AXD HYDROCORALLlS.t 

The next groap of tbe liiing Hydrvxca is that of the Lmcer- 
narida. under which name are included a considerable num- 
ber of forms, differing from one another to a gicat extent in 
CKtemal appearance. It will be saf- 
ficicnt here to describe one or two 
^-pical forms. 

One group of the Lueemarith is 

: represented by Ltuemaria itself (tig. 

35), which occurs not uncommonly in 

our own seas. In Lucemaria we have 

a cup-shaped body of a more or less 

gelatinous consistence, usually found 

attached by its smaller extremity to 

sea-weeds, this end of the body being 

developed into a small sucker. Like 

\^^ Hydra, however, iMcernaria is not 

fixed, but can detach itself at will, and 

can even swim freely by means of the 

alternate contraction and expansion of 

the cup-shaped body (or " umbrella," ■ 

as it is termed). Round the margin of 

the cup are tufts of sliort tentacular 

processes, and in its centre is fixed a 

single polypite, furnished with a four- 

"''JX^f'I° a^c«™ ^- 'ohed mouth. The essential elements 

lachid lo a piece of sea- 0/ reproduction are developed within 

iwed (Bftor Jahinim). ^f^^ body of Lucemaria itself, and it 

does not give off any generative buds, as so commonly occurs 

in other forms. 
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Another type of the Lucemarida is represented by the organ- 
isms formerly termed "hidden -eyed" Medusa^ and familiarly 
known as sea-nettles or sea-blubbers. Every sea-side visitor is 
familiar with the great circular discs of jelly which are left 
upon the sands by the retreating tide during the summer 
months; and many must have noticed on a calm day the large 
transparent discs of these same creatures slowly flapping their 
way through the water. Not a few, too, must have learnt by 
painful experience that some of these singular organisms have 
the power of stinging most severely, if incautiously handled. 
The forms included under the old name of "covered -eyed" 
Medusa differ considerably from one another in their nature, 
and even in their structure, though they all present, in spite of 
their much greater size, a decided resemblance to the naked- 
eyed Medusa already described. Some of the covered -eyed 
Medusa produce eggs which are developed into organisms 
resembling themselves ; but most of them are now known to 
be nothing more than the free-swimming reproductive buds of 
minute rooted Hydrozoa. It will be sufficient here to describe 
shortly the life-history of one of the more remarkable forms of 
this section. 

If we commence with the young form of one of these singular 
animals, we find that the tgg g^ves origin to a little microscopic 
ciliated body, which swims about freely by means of the cilia 
with which its surface is covered (fig. 36, d). This little body, 
on finding a suitable locality, fixes itself by one end, and 
develops a mouth and tentacles at the other, when it is known 
as a " Hydra-tuba" (fig. 36, b\ from its resemblance in shape 
to the fresh-water polype or Hydra, The Hydra-tuba is only 
about half an inch in height, and it possesses the power of 
forming large colonies by gemmation, whilst it is incapable 
of developing the essential elements of reproduction. Under 
certain circumstances, however, reproductive zooids are pro- 
duced by the following singular process : The Hydra - tuba 
becomes elongated and exhibits a number of transverse grooves. 
These grooves go on getting deeper and deeper, and become 
lobed at their margins, till the whole organism assumes the 
aspect of a pile of saucers placed one above the other (fig. 
36, c). The tentacles now disappear, and a fresh circle is 
formed close to the base of the Hydra-tuba. Finally, all the 
saucer -like segments above the new circle of tentacles (fig. 
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36, d) drop off, one by one, and present themselves in the lorm 
of independent free- swimming Medina. These reproductive 
zoiiids or Medusa ea.t voraciously, and increase rapidly in sue, 
becoming not only comparatively, but often actually, gfigantic 
Thus, in one case the reproductive zoSid has been known to 
1 feet across, with tentacles one hundred 
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feet or more in length, though the fixed organism from which it 
was produced was no more than half an inch in height These 
gigantic reproductive bodies live an independent life until they 
are able to produce ova and sperm-cells, when they die. The 
fertilised egg, however, develops itself, not into the monstrous 
organism by which it was produced, but into the little fixed 
sexless Hydra-tuba, from which the generative bud was de- 
tached. We have, then, here another instance of the so-called 
" alternation of generations." 

It is now known, then, that most of the great sea-blubbers 
which abound around our coasts in summer are really the 
detached reproductive buds of minute fixed Hydrosoa; and it 
may be as well to mention the leading features in their struc- 
ture, and the points by which they may be distinguished from 
the smaller or naked - eyed Medusa, to which they have a 
decided superficial likeness. In the commonest forms of these 
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zodids (sticb as our familiar sea-blubbers, Aurelia and Cyaxeti), 
the body consists of a great bell-shaped gelatinous disc or 
"umbrella" (fig. 37), from the roof of which is suspended a 
single polypite, the lips of which are extended into lobed pro- 
cesses, often extending far below the margin of the disc. The 
digestive cavity of the polypite gives out from its upper ex- 
tremity a series of radiating gastro -vascular canals, which pro- 
ceed towards the margin of the umbrella. These radiating 
canals are never less than eight in number, and on their way to 
the margin of the disc they break up into a great number of 
smaller vessels, which unite with one another to form a compli- 
cated network. At the margin of the bell they all open into a 
circular vessel, which in turn sends processes into a series of 
marginal tentacles, which are often of extraordinary length, 
Besides the tentacles, the margin of the umbrella is provided 




with a number of marginal bodies, each of -which c 
' little collection of pigment, or " eye-speck," and a little sac filled 
with fluid and containing mineral particles. Each of these 
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mai^na.1 bodies is covered and concealed from view by a kind 
of hood derived from the ectoderm. Hence the name of 
" hiddta-tyed" Afedusa, apphed to these forms, in contradis- 
tinction to the "naked-eyed" Medusm, in whiCh the eye-specks 
are exposed to view. The reproductive organs are usually of 
some bright colour, and " form a conspicuous cross shining 
through the thickness of the disc." 

From the above description it will be evident that there is a 
considerable resemblance between the so-called " hidden-eyed ' 
Medina, or the reproductive zooids of many of the iMcermtrida, 
and the medusiform gonophores of so many of the Hydroxoa, 
as well as the true Discophora or naked-eyed Medusa. The 
differences, however, between them are these : The swimming- 
disc of the naked-eyed Medusa and 
of any medusiform gonophore is 
furnished at its mouth with an in- 
ternal shelf or veil ; the radiating 
gastro- vascular canals are very 
rarely more than four in number, 
and should they subdivide (as in 
rare cases they do), they do not 
form an intricate network; lasdy, 
the marginal bodies are simply 
placed in an uncovered situation 
on the margin of the disc. In the 
reproductive io6ids of the Lvcer- 
narida or hidden-eyed Medusa, on 
the other hand, the swimming-disc 
or umbrella is destitute of any 
marginal shelf or veil ; the radi- 
ating gastro- vascular canals are 
never less than eight in number, 
. and they split up into numerous 
branches, which unite to form an 
intricate network ; lastly, the marginal bodies are concealed 
from view by a kind of hood. 

There still remains another family of the Lucemarida (viz., 
Rkizostomida) in which the reproductive process is carried on 
in the same way as in the forms we have just described, but 
the structure of the reproductive zooids is somewhat different 
In these, as in RMzosloma (tig. 38), the generative zooid is 




Fig. 3a.— Genera 
(After Gosse.) 
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much like those just mentioned ; but the umbrella is destitute 
of marginal tentacles ; and in place of a single central polypite. 
there hangs from the under surface of the umbrella a complex 
tree-like mass, the branches of which 
end in, and are covered by, small poly- 
pites and club-shaped tentacles. The 
umbrella itself does not exhibit any 

difference as compared with those al- ^^ III B 

ready described, but the ova are pro- 
duced in a genital cavity which is placed 
on the under surface of the umbrella. 

Sub - CLASS GRAProLiriDiE. — We 
may here notice very briefly a group 
of extinct organisms which almost cer- 
tainly belong to this class, and which 
probably find their nearest allies in the 
Sertularians. The Graptolitida are 
without a single living representative, 
and their antiquity is, indeed, very 
high, since it is doubtful if they ever w rv 

pass above the group of rocks known 9 a^ ^ 

to geologists as the Silurian formation. -A ^ ^P 

The most typical forms of the group j.j^ ^^ _^ crapioUtes (jif.«- 
(fig. 39) agree with the living Sertulari- ograptus) prhtUm, Bronn, 
ans in having a homy polypary, and in "^^"^^^y^^ ^h^ed*'*B^ 
having the polypites protected by little So^ *^ew^of"a fragment 
homy cups or hydrothecae, all spring- of ^^ »«»« species : con- 

/. la i_ siderably enlarged. C, Front 

mg from a common flesh or coenosarc. ^^^ J ^ ^^^^ '^^ the 
The typical Graptolites, however, differ «ame, showing the mouths of 
from all known Sertularians in the fact S'''?*""^'^ ' """"^ ^n\^^. 

D, Transverse section of the 

that the hydrosoma was not nxed to same. All from the Upper 
any solid object, but was permanently suurian. (Original.) 
free. Most of them, also, exhibit a very anomalous and re- 
markable structure, termed the "solid axis" (fig. 39, B). This 
is a peculiar fibrous, apparently hollow rod, which no doubt 
served to strengthen the polypary, and which is often prolonged 
beyond one or both ends of the polypary in a naked state. 
There is also good evidence that the reproductive process in 
the Graptolites was carried on in manner somewhat similar to 
what is seen in the living Sertularians — namely, by means of 
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reproductiTe bads enclosed in homy capsules. Craptolites 
most usually present themselves as beautiful silvery impres- 
sions, covering the surface of the black shales of various parts 
of the Silurian system. 

Sub-class Hvdrocorallin*. — This name has recently been 
proposed by Mr Moseley for two groups of marine animals 
which produce a. regular skeleton of carbonate of lime, and 
which have, therefore, been generally placed among the true 
corals. Mr Moseley, however, has shown that the forms in 
question are really referable to the Hydrozoa, though they are 




Fig. to.— A, Fonioo of a minof Jf/iirlr/sraaitrn-imi'i, oftbe nitanlun; B, Por- 
doa of ihe unu, cut open venically to ihow the luger ubulau luba (/, >}, ind 
the Apongy ccenourcal ikeleton (r, c), eiilai<Ked; C, Small portion of theftnr&ce, 
enlarged to thow Ihe larger and amallet opening) (/* and cO inhabited by the 
different zoV^ds, and IheTeticuiatedcalcareouBliBaueaftlie tkeieton; D, A single 
polypiu, enlarged, showing the two whorls of knobbed tentacles (A, B, and C 
are after Milne- Edwards and Haime; D ii afier Martin Duncan and Majsc- 
General Nelson.) 

peculiar, as regards the members of this class, in their power of 
secreting a regular calcareous skeleton. The best known and 
most familiar of the animals placed in this group are the Mille- 
pores (Millepora), the stony skeletons of which contribute so 
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largely to the formation of coral-reefs in the West Indies and 
Pacific. The skeleton of MilUpora (fig. 40, A) is an expanded, 
more or less branched calcareous mass, studded with minute 
apertures of two sizes, the mouths of difierently-sized tubes. 
These tubes (fig. 40, B) are divided into chambers by a number 
of complete transverse partitions (the so-called "tabulae*'), 
and only the surface-layer of the mass is to be regarded as 
actually alive. The general calcareous tissue of the skeleton 
is open and spongy, and allows of a free communication 
between the different tubes. The larger tubes of the skeleton 
are occupied in the living condition by zodids, which possess a 
mouth and tentacles, whilst the smaller tubes are 'tenanted by 
smaller zo5ids, which possess the latter organs, but are desti- 
tute of a mouth. The body-cavities of all the zodids are placed 
in communication by means of canals which ramify in the 
spongy skeleton. 
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CHAPTER IX. 
ACTINOZOA. 

The second great class of the CalenUrata is that of the Actin- 
osoat comprising the sea-anemones and their allies, the corals, 
the sea-pens, the sea -shrubs, and various other organisms. 
They are all defined as Coelenterate animals in which there is 
a distinct digestive sac which opens below into the general cavity 
of the body J but is mvertheless separated from the body-walls by 
an intervening space (the ** perivisceral space "), which is divided 
into a number of vertical compartments by a series of partitions 
or ** mesenteries,** to the faces of which the reproductive organs 
are attached. The Actinosoa (fig. 41), therefore, differ funda- 
mentally from the Hydrosoa in this, that whereas in the latter 
the digestivcr cavity is identical with the body-cavity, in the 
former there is a distinct digestive sac, which opens, truly, into 
the body-cavity, but is nevertheless separated from it by an in- 
tervening perivisceral space. The result of this is, that whilst 
the body of a Hydrozoon exhibits on transverse section a single 
tube only, formed by the walls of the combined digestive and 
somatic cavity, the body of an Actinosobn exhibits two concen- 
tric tubes, one formed by the digestive sac and the other by the 
general walls of the body. Further, in the Actinosoa the re- 
productive organs are always internal, and are never in the 
form of external processes of the body-wall as in the Hydrosoa, 
In their minute structure the tissues in the Actinosoa differ 
little from those of the Hydrosoa, The body is essentially 
composed of two fundamental layers — an ectoderm and endo- 
derm ; but there are often well-developed layers of muscular 
fibres, somewhat obscuring this simplicity of structure. Thread- 
cells are most commonly present in abundance. Cilia are very 
generally developed, especially in the endoderm lining the 
the body-cavity, where they serve to maintain a circulation ot 
the contained fluids. The only digestive apparatus consists of 
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a tubular or sac-like stomach, which opens inferiorly directly 
into the bodj^ravity (fig. 41, i), uid communicates with the 
outer world through the mouth. A nervous system has not 
been shown to exist in any of the Aetinaioa except the CUmo- 
phora, and perhaps some of the sea-anemones, and in none are 
there any traces of a circulatory system. Distinct reproductive 
organs are always present, and true sexual reproduction occurs 
in all the members of the class. In a great many forms, how- 
ever, of the Actinosoa, we have composite organisms or colonies, 
produced by a process of "continuous" gemmation or fission, 
the lofiids thus originated remaining attached to one another. 



In these cases — as in most of the corals — the separate beings 
or zodids thus produced are termed " polypes," the term '* poly- 
pite " being restricted to iht Hjfdrozoa. In the simple ^irA'»- 
ogoa, however, such as the sea-anemones, the term "polype" is 
applied to the entire organism, as consisting of no more than a 
single alimentary region. It follows from this, that the entire 
body, or " actinosoma," of any Actinotoiin, may be composed of 
a single polype, or of several such, produced by budding or 
cleavi^e, and united to one another by a common connecting 
structure or cocnosarc. Most of the Actinosoa are permanently 
Ssed, like the corals ; some, like the sea-anemones, possess a 
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limited amount of locomotive power; and one order, the CUno- 
fkora, is composed of highly-active free-swimming organisms. 
Some of them are unprovided with hard structures or supports 
of any kind, as the sea.-a.nem[)nes and Ctcnopkora; but a great 
many secrete a calcareous or homy skeleton or framework 
which is known as the "coral" or "corallum." 

The Actinoaoa are divided into four orders — viz., the Zoan- 
Iharia, the Alcyonaria, the Ruggsa, and the Ctawpkora. 

Order I. Zoantharia. — The ZoatUAaria comprise thp^ 
Actim>soa in which the polypes are furnished with smooth, 
simple, usually numerous lerttacles, which, like the mesenteries, 
are in multiples aifivt or six. The ZooHtkaria are divided into 
three groups, distinguished from one another by the presence 
or absence of a coral, and by its structure when present 

The first of these groups is termed Zoantharia nudaeodtr- 
mata, or "soft-skinned" ZoiMMarTa, because the polypes are 
either wholly destitute of a coral, or if there is one, it consists 



merely of little scattered spicules of carbonate of lime or grains 
of sand. Generally, loo, the organism is simple, and consists of 
no more than a single polype. The best known of the mem- 
bers of this group are the beautiful sea-anemones or animal- 
flowers {Actinidce), which occur so plentifully on every coast 
(fig. 42, a). It will be as well to describe the structure of a 
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sea-anemone somewhat in detail, as in this way a clear notion 
may be obtained of the general anatomy of the Aciinozoa, The 
body of an ordinary sea -anemone (fig. 42, a) is a truncated 
cone or short cylinder, termed the " column," and is of a soft 
leathery consistence. The two ends of the column are termed 
respectively the "base" and the "disc," the former constituting a 
kind of sucker, by means of which the animal can attach itself 
at will, whilst the mouth is placed in the centre of the latter. 
The mouth is surrounded by a flat space, destitute of ap- 
pendages, and the circumference of the disc is in turn sur- 
rounded by numerous simple tubular tentacles, arranged in 
alternating rows. The tentacles consist of both ectoderm and 
endoderm, enclosing a tube which communicates with the body- 
cavity. By the muscular contraction of the walls of the column, 
the fluid containejd in the body-chambers can be forced into 
the tentacles, which can be thus protruded to a great length, 
whilst they can also be usually retracted. In some cases the 
tentacles are furnished with perforations at their extremities. 
The mouth (see fig. 42, cl) leads directly into the stomach, 
which is a wide membranous tube, opening by a wide aper- 
ture into the body-cavity below, and extending about half-way 
between the mouth and the base. The wide space between the 
stomach and body-walls is subdivided into a number of separate 
compartments by radiating vertical plates, which are called the 
"mesenteries," and to the faces of which the reproductive 
organs are attached, in the form of reddish bands, contain- 
ing either ova or sperm-cells. Below the stomach, the free 
edges of the mesenteries are thickened, and constitute twisted 
threads or cords, which are filled with thread-cells, and are 
termed " craspeda." The sea-anemones are mostly to be found 
between tide-marks, in rock-pools, or on ledges of stone, adher- 
ing by means of the expanded base. They are not, however, 
permanently fixed, but can change their place at will. In the 
nearly allied Ilyanthus and Arachnactis (fig. 42, b) and in some 
related forms the base is tapering, and it appears that the 
animal either lives freely in the sea, or buries itself to the 
lips in the sand. The true sea-anemones, as already said, are 
all simple, each consisting of a single polype ; but there are 
closely-related forms (such as Zoanthus) in which the organism 
is compound, consisting of numerous polypites united by a 
creeping fleshy trunk or ccenosarc. 
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The second ^oup of the Zoantharia is termed that ot the 
Zoantharia seUrodermata, from the nature of the skeleton or 
coral. In thisgroupareall the so-called "reef-building" corals, 
which are the makers of the well-known " coral-reefs." The 
members of this group all possess the power of secreting car- 
bonate of lime within their tissues, so as to form a more or 
less continuous skeleton or corallum. From the fact that this 
corallum is secreted by the inner layer of the polypes, and is 
therefore truly within the body, it is said to be " sclerodermic," 
in opposition to the kind of coral produced by other forms (such 
as the red coral), in which the coral forms an internal axis. 
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over which the coenosarc is spread, much as the bark encloses 
the wood of a tree. In this latter case the coral is said to 
be " sclerobasic," (For illustrations of these different kinds of 
corals, see figs. 43 and 50.) In the typical form of sclerodermic 
coral, the skeleton is in the form of a conical cup (fig. 43), the 
upper part of which is hollow, and is called the " calice." The 
lower part is divided into a series of compartments by vertical 
plates, which are called the " septa," and which correspond to 
the mesenteries of the living animal. Sometimes the space 
contained within the walls of the cup or " corallite" is brvken 



up by horizontal plates called "UbulE;" but when these are 
present, there are often no septa. In the coral just described 
we have a single corallite, produced by one polype; and 
this simple condition may he maintained throughout life. In 
the great majority of cases, however, the polypes bud, so as 
to form a colony all bound together by a common flesh or 
ccenosarc When such a colony (fig. 44). therefore, produces 




Fig. ^^—AttraApatiida, a compound 



a sclerodermic coral, in place ot a single corallite, we have 
a composite skeleton composed of a number of little cups or 
corallites, each of which was produced by one polype, and all 
of which are united by means of a common calcareous basis, 
secreted by the ccenosarc. In other cases, the colony is pro- 
duced simply by the budding forth of new polypes from the 
sides of the old ones, or by cleavage of the original polypes; 
so that there is no true ccenosarc. In these cases, the com- 
pound skeleton is composed simply of the separate corallites 
belonging to the individual zoflids, without any common cal- 
careous basis secreted by a ccenosarc. 

As before said, the "septa" are vertical partitions, which 
divide the space contained within the walls (the so-called 
" theca ") of the coral into a series of compartments. The septa 
spring from the inner surface of the " theca" {fig. 45), and ad- 
vance towards its centre. Often the septa unite centrally with 
a calcareous pillar or rod, the "columella;" and they axe tA 
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diflerent breadths. A certain number of them extend quite to 
the centre of the coral, where they meet the columella (when 
this is present). These are called the " primary septa," Others, 
however, fall short of the columella by a greater or less dis- 
tance; and these are called the "secondary" and "tertiary" 
septa, according to their breadth (fig. 45). 




Fit. 45— A, TransveTH SHlim of 
Eipace included within the wall or 
the centn being occupied by lh< 



nelU; B 



In accordance with their mode of formation, an ordinary com- 
pound sclerodermic coral may be distinguished from a sclero- 
basic coral by the fact that it would show a number of little 
cups or calices in which the polypes were contained, whereas 
these cups would be absent in the latter. In accordance, also, 
with the fundamental character of the order Zoantkaria, the 
corals of the present group always show septa which are some 
multiple oljive or six. 

When it is understood that compound corals, such as we have been 
speaking of, are produced by (he combined efforts of a number of pol- 
ypes, essentially the same in stiucture as our ordinary sea-anemones, it 
is reailily intelligible that under favourable circumstances laige masses 
of coral may be produced in this way. When these masses attain such a 
size as to be of geographical importance, they are spoken of as "coial- 
ree^" and the phenomena exhibited by these are of such interest as to 
demand some notice. The coral-producing polypes require for their 
eKistence that the average temperature of the sea shall not be less daring 
winter than 66°; and as our seas are considerably colder lha.n this, ne 
have no coral-reefs. Reefs, however, abound in all the seas net far 
removed from the equator, being found chiefly on the east coast of 
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Africa and the shores of Madagascar, in the Red Sea and Persian Gulf, 
throughout the Indian Ocean and the whole of the Pacific Archipelago, 
around the West Indian Islands, and on the coast of Florida. The 
headquarters, however, of the reef-building corals may be said to be 
around the islands and continents of the Pacific Ocean, where they 
often form masses of coral many hundreds of miles in length. Accord- 
ing to Darwin, coral-reefs may be distinguished into three principal 
forms — yiz», Fringing-reefs, Barrier-reefs, and Atolls, distinguished by 
the following characters : — 

I. Frmgrng-reefs (fig. 46, i). — These are reefs, usually of a moderate 
size, which may either surround islands or skirt the shores of continents. 
These shore-reefs are not separated from the land by any very deep 
channel, and the sea on their outward margins is not of any great 
depth. 




a 



a 



a 








Fig. 46. — Structure of Coral-reefs, x. Fringing-reef; a. Barrier-reef; 3. Atoll: a 
Sea-level ; b Coral-reef; c Primitive land; d Portion of sea within the reef, 
forming a channel or lagoon. 

2. Barrier-reefs (fig. 46, 2). — These, like the preceding, may either 
encircle islands or skirt continents. They are distinguished from fring- 
ing-reefe by the fact that they usually occur at much greater distances 
from the land, that there intervenes a channel of deep water between 
them and the shore, and soundings taken close to their seaward margin 
indicate great depths. 

As an example of this class ot reefs may be taken the great barrier 
reef on the N.E. coast of Australia, the structure of which is on a gigaiii- 



I04 INVERTEBRATE ANIMALS. 

tic scale. This reef runs, with a few trifling interruptions, for a distance 
of more than a thousand miles, with an average breadth of thirty miles, 
and an area of thirty-three thousand square miles. Its average distance 
from the shore is between twenty and thirty miles, the depth of the 
inner channel is from ten to sixty fathoms, and the sea outside is ''pro- 
foundly deep " (in some places over eighteen hundred feet). 

3. AtoUs (fig. 46, 3). — These are oval or circular reefs of coral enclos- 
ing a central expanse of water or lagoon. They seldom form complete 
rings, the reef being usually breached by one or more openings. They 
agree in all particulars with those barrier-reefs which surround islands, 
except that there is no central island in the lagoon which they enclose. 

The last group of the Zoantharia comprises composite organ- 
isms in which the ccenosarc is supported upon a central axis or 
sclerobasic skeleton. These Zoantharia sclerobasica require no 
notice, except simply to remark that they are distinguished 
from other sclerobasic corals (such as the Gorgonidce) by the 
fact that each polype possesses tentacles which are a multiple 
of six in number. 

Order II. Alcyonaria. — The second great order of living 
Actinozoa is distinguished by the fact that the polypes are 
furnished With fringed tentacles, and that these, as well as the 
mesenteries and somatic chambers, are always some multiple 
oifour. With two exceptions, all the Alcyonaria are compo- 
site, their polypes being connected together by a coenosarc. 
The body-cavities of the polypes are connected with a system 
of canals which are excavated in the coenosarc, and commu- 
nicate freely with one another, so that a free circulation ot 
nutrient fluids is thus kept up. The structure of the polypes 
of the Alcyonaria is, in all essential anatomical features, the 
same as in the sea-anemones, the number of the mesenteries 
and tentacles being the chief distinction. 

Of the various different organisms included under this order, 
one of the best known is the " Dead-men's-fingers," or Alcyo- 
niuntt which occurs commonly in our seas. It forms spongy- 
looking masses of a yellow or orange colour, attached to shells 
and other marine objects. The whole mass is covered with 
little star-shaped apertures, through which the delicate polypes 
can be protruded and retracted at will. Another well-known 
member of this order — the type of another family — is the " Sea- 
rod " ( Virgularia mirabilis), which occurs not verj' rarely in 
British seas. Virgularia occurs in the form of a long rod- 
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shaped body of a light flesh colour, supported upon a calca- 
reous rod (sclerobasis), somewhat like a knitting-needle, which 
is covered by the ccenosarc. From the ccenosarc are given 
out lateral processes, each of which bears numerous polypes. 
Closely allied to Virgulana is the " Cock's-comb" {Ptnnat- 
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ula)', but in this the lower end of the ccenosarc is naked 
and Seshy (fig. 47), and the polype-bearing fringes are con- 
siderably longer, giving the whole organism very much the 
^tpearance of a feather. In Veretillum (fig. 43) the upper part 
of the colony is short and club-shaped, and bears the polypes 
all round its circumference. 

Another family oE the Alcyonaria is represenled by the so- 
called " Organ-pipe corals," of which Tubipora tnusica is a 
well-known example (fig. 49). In this there is a well-developed 
sclerodermic coral consisting of numerous cylindrical tubes, 
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which are not divided by vertical partitions (septa), but which 
are connected by strong transverse plates. The coral is bright 
red in colour, and the polypes are usually bright g^een. 
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The best known, however, of the Alcyonarta is the family 
Gorgottida, represented by the sea-shrubs, fan-corals, and the 
red coral of commerce. A few of the members of this family 
are British, but they attain their maximum in point of size and 
numbers in the seas of the tropics. In all the Gorgonida the 
organism consists of a composite structure made up of numer- 
ous polypes united by a common flesh or ccenosarc (fig, 50, b), 
the whole supported by a central branched axis or coral. The 
coral varies in composition, being sometimes calcareous — as in 
red coral— sometimes homy, and sometimes partly homy and 
partly calcareous, as in Isis (fig. 50). In all cases, however,the 
corallum differs altogether from the sclerodermic corallum, 
which has been described as so characteristic of the reef-build- 
ing corals. The coral in the present instance is always what is 
called " sclerobasic " — that is to say, it always forms an internal 
axis, covered by the coenosarc with the polypes produced there- 
from. It is therefore outside the polypes, and bears to the 
ccenosarc the same relation that the trunk of a tree bears to its 
investing bark. This is well shown in fig. 50, b, where there is 
represented one of these sclerobasic corals in which the coral- 
lum consists of alternate horny and calcareous joints. The 
polypes of all the Gorgonida agree, of course, with their order 
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in having eight tentacles each, and by this they^re distin- 
guished from the few Zoantharia in which there is a sclerobasic 




Fig, so.-r&ten]dermic and Sclerobasic Corals, a Poiiion of a branch or Z)inifi?>- 
tkylUa nigrrufa, s Klenidinnic conl (after Dana) ; » LonEitudiiul lEclion 
of Iiis Uffuris, a sclerobasic coral, exhibiting the ExlEmal bark or cienosarc, 
with its imbedded polypes, sopporied by tbe internal axi^ or tkeleloD (after 
Jones). 

The best Itnown of the Gorgonida is the Corallium rubrum. 
or " red coral " of commerce, which is largely imported from 
the Mediterranean. In this species (fig. 51) there is a bright red, 
finely-grooved, calcareous sclerobasis, usually more or less re- 
peatedly branched. The corallum is invested by a bright red 
coenosarc or bark, which is studded with numerous little aper- 
tures. The polypes can be protruded from these openings at 
will, and are milk-white in colour, with eight fringed tentacles 
each. The entire coenosarc is excavated into a number of com- 
municating canals, with which the cavities of the polypes are 
connected, the whqle system being filled with a nutritive fluid 
known as the "milk." 

Another group of the Alcyonaria has recently been consti- 
tuted under the name of Helioporidis for the singular stony 
corals belonging to the genus Heliopora, formerly believed to 
belong to the Zoantharia. In this genus, the corallum is com- 
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pound, and is formed of tubular corallites, furnished with both 
tabulae and radiating septa, and separated from one another by 
an assemblage of smaller tabulate tubes, apparently occupied 




by rudimentary polypes. Along with the living Heliopora of 
the Pacific and Indian Oceans, we must place a number of 
ancient corals {Heliolites, &c.) 

Order III. Rugosa.— This order merely requires mention, 
as all its members are extinct, and are therefore only known to 
us by their hard parts or skeletons. They agree with the Zoati' 
iharia sclerodermata in having a well -developed sclerodermic 
corallum, but differ from them in the fact that the septa are 
always some multiple of _/i)»ry and there are generally trans- 
verse plates or tabulje combined with the vertical plates or 
septa. On the other hand, they agree with, the Alcyonatia in 
having their parts in multiples of four, but differ from them in 
having a we II -developed sclerodermic corallum in which septa 
are present. They are chiefly known as fossils in the older 
rocks of the earth's crust, and have hardly any representatives 
at the present day. 
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Order IV. Ctenophora.— The founh and last order of the 
Actinozoa is that of the Clenopkora, comprising a number of 
free-swimming oceanic creatures, very different in appearance 
from any of the forms which we have hitherto been considering. 
They are all transparent, gelatinous, glassy-looking creatures, 
which are found near the surface in the open ocean, swimming 
rapidly by means of bands of cilia. The cilia are arranged in a 
series of transverse ridges, which are disposed In longitudinal 
bands, the whole constituting locomotive organs which arc 
known as "ctcnophores "(fig. 52. £). In none are there 
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of a corallum or skeleton, and thread-cells are asserted to be 
universally present. As the type of the order, we may take one 
of our commoner forms, which is known by the name of PUuro- 
brachia or Cydippe (fig. 52). The body o{ Phurobrachia is trans- 
parent, colourless, gelatinous, and melon-shaped, and exhibits 
two poles, at one of which is placed the mouth. The globe- 
like body is divided into a number of crescentic lobes by eight 
ciliated bands or clenophores, which proceed from near the 
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mouth to near the opposite pole of the body. Besides the cilia 
there are two very long and flexible tentacular processes, which 
are fringed on one side by smaller secondary branches. The 
tentacles arise each from a kind of sac, one placed on each side 
of the body, and they can be instantaneously and completely 
retracted within these sacs at the will of the animal. The 
mouth of PUurobrachia opens into a spindle-shaped digestive 
sac or stomach, which in turn opens below into a wider and 
shorter cavity termed the " funnel ; " from this there proceed in 
the axis of the body two small canals, which open at the oppo- 
site pole of the body. The funnel communicates with a com- 
plicated system of canals, which are ciliated internally, and are 
filled with a nutrient fluid. In the angle between the two 
canals which run from the base of the funnel to the surface is a 
little vesicle or sac, believed to be a rudimentary organ of hear- 
ing, and placed upon this is a little mass which is generally 
believed to be of a nervous nature. If this is correct, this is 
almost the first indication which we have hitherto encountered 
of a genuine nervous system. The reproductive organs are 
developed in the walls of the canal-system. 

The only other form of the Ctenophora which deserves men- 
tion is the " Venus's girdle" (Cesium Veneris), which agrees in 
essentials with Pleurobrachia, but is greatly elongated in a 
direction at right angles to the alimentary canal, till we have a 
ribbon-shaped body produced, four or five feet in length and 
two or three inches high. Cesium is not uncommon in the 
Mediterranean, and has the power of phosphorescence, appear- 
ing at night as a moving and twisting band of flame. 

Table of the Divisions of the Ccelenterata. 

Class I. Hydrozoa. — The walls of the digestive sac not separated 
from those of the body-cavity. Tlie reproductive organs external. 
Sub-class I. Hydroida : — 

a, Hydrida. — Ex. Hydra. 

b, Corynida, — Ex, Tubularia. 

c, Sertularida, — Ex, Sertularia, Campanularia. 
Sub- class 2. Siphonophora : — 

d, Calycophorida. — Ex, Voglia. 

e, Physophoridce, — Ex, Portuguese man-of-war (Physalia). 
Sub-class 3. Discophora : — 

f, Medusida, 



ACTINOZOA. Ill 

Sab-class 4. Lucemarida: — 

g, iMcemariada, — Ex. Lucemaria, 

h, FdagUa, — Ex, Aurelia. 

I. Rhisastomida, — Ex, Rhizostoma. 
Sub-class 5. Graptolitidse. — Ex, Monograptui. 
Sub-class 6. Hydrocorallinae. — Ex, Millepora. 
Class II. Actinozoa. — Digestive sac distinct from the general 
cavity of the body, but opening into it Reproductive organs internal. 
Order i. Zoantharia: — 

a, Z, malacodermata, — Ex. Sea-anemones (Actinidae). 

b, Z, scUrobaHea, — Ex, Antipathes. 

c, Z, scUrodertnata, — Ex, Brain-corals, Star-corals, and Madre- 

pores. 
Order 2. Alcyonaria. — Ex, Dead-men*s-toes (Alcyonium), Sea-pens 

(Pennattda), Sea-rods (Virgularia), Red Coral, Heliopora. 
Order 3. Rugosa. — (Almost all extinct.) 
Order 4. Ctenophora. — Ex, Pleurobrachia, Venus's Girdle (Cestum). 
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SUB-KINGDOM III. ANNULOIDA. 

CHAPTER X. 

ECHINODERMATA. 

The third primary division of the animal kingdom is known by 
the name of Annuloida, and includes two groups of organisms 
which are extremely unlike one another in appearance, and are 
termed respectively the Echinodermata and the Scolecida. In 
the former we have the sea-urchins, star-fishes, and their allies, 
formerly classed in the old sub-kingdom Radiata; in the latter 
are a number of internal parasites, with some minute aquatic 
creatures, all formerly referred elsewhere. Diflferent as are 
these two groups in appearance and habits, they are neverthe- 
less united by the following peculiarities:* They possess a 
distinct alimentary canals usually communicating with the outer 
world by two apertures (a mouth and a vent), but in any case 
completely shut off from the general cavity of the body (fig. 56, 2, 
a, bt c). In all there is a distinct nervous system; and in all 
there is a peculiar system of canals termed the " water-vascular"* 
or " aquiferous " vessels, which usually communicate with the 
exterior of the body. It should be mentioned that many natural- 
ists dissent from this grouping together of the Echinodermata 
and Scolecida into a single sub-kingdom, Annuloida. Many 
other arrangements have been proposed, most of which present 
some special advantages and some disadvantages. In the mean- 
while, in the confessedly uncertain state of this department of 
Natural History, it has been thought well to adhere to the 
arrangement proposed by Professor Huxley — ^an arrangement 
with many obvious drawbacks, and at best but provisional. 

* Some of the internal parasites of this sub-kingdom have no alimentary canal at 
all ; but this does not affect the value of the above definition. 
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Class I. Echinodermata. 

The members of this class are popularly known as sea-urchins, 
star-fishes, brittle-stars, feather-stars, sea-cucumbers. &c., and 
derive their name of Echinodermata (Gr. echinos, a hedgehog ; 
and derma, skin) from the generally prickly nature of their in- 
teguments. In all, the skin is possessed of the power of secret- 
ing carbonate of lime, but in very different degrees. In the 
sea-urchins this goes so far that the body becomes enclosed 
in a kind of box, composed of numerous calcareous plates 
firmly jointed together. In the star-fishes and their allies the 
skin is rendered prickly by grains, tubercles, or spines of cal- 
careous matter, and the body is either destitute of regular plates 
or is only partially enclosed by them. In the sea-cucumbers, 
ag^ain, the calcareous matter is only present in the form of 
minute grains scattered in the skin. When adult, they all show 
a more or less distinctly radiate structure, which is most con- 
spicuous in the star-shaped star-fishes and sand-stars, but can 
be detected in all the members of the class. When young, 
however, they almost always exhibit what is called " bilateral 
symmetry" — that is to say, they show similar parts on the two 
sides of the body. In all Echinoderms there is a water- vascular 
system of tubes, which is termed the "ambulacral system," 
which generally communicates with the exterior, and which 
in most cases is used in locomotion. An alimentary canal is 
always present, and is always completely shut off from the 
general cavity of the body. A vascular or circulatory system 
is sometimes present There are always distinct organs of re- 
production, which are almost always placed in different indivi- 
duals, so that the sexes are distinct. The nervous system is in 
the form of a ring surrounding the gullet and sending branches 
in a radiating manner to different parts of the body. 

The Echinodermata are divided into seven orders, as follows : 

1. Echinoidea (Sea-urchins). 

2. Asteroidea (Star-fishes). 

3. Ophiuroidea (Sand-stars and Brittle-fishes). 

4. Crinoidea (Feather-stars). 

5. Cystoidea (extinct). 

6. Blastoidea (extinct). 

7. Holothuroidea (Sea-cucumbers). 

H 
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This is by no means a true arrangement of these orders, but 
it is convenient to consider them in this sequence. 

Order I. Echinoidea. — The animals included in this order 
vary from the shape of a sphere or globe to that of a disc, and 
they are all commonly known 
as "sea-urchins" or "sea-eggs." 
They are all characterised by 
the fact that the body is en- 
cased in a "test" or "shell" 
(fig. 33) composed of numerous 
calcareous plates usually im- 
movably jointed together so as 
to form a kind of box. The in- 
testine is convoluted, and there 
IS a distinct vent, or anal aper- 

The test of a sea-urchin, as 
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s plates accurately fitted 
together, and united by their edges, or, in a few cases, overlap- 
ping one another. In all living forms the test is composed often 
zones of plates, each zone consisting of a double row. In five 
of these zones {fig. 54, i, a) the plates are of large size, and are 
perforated by no apertures. These are termed the " interambu- 
lacral areas." In the other five zones (fig. 54, i, 6) the plates 
are of small size, and are perforated by little apertures for the 
emission of delicate locomotive suctorial tubes (the so-called 
" ambulacral tube-feet"). These zones are therefore called the 
" ambulacral areas." Besides these main rows of plates which 
collectively make up the greater part of the test, there are other 
plates placed in the leathery skin round the mouth and vent. 
The most important of these form a kind of disc, which is 
placed at the summit of the shell. This disc (fig. 54, 2) is com- 
posed of two sets of plates— one called the " genital plates," 
perforated for the ducts of the reproductive organs ; the other 
set smaller, and each carrying a little "eye," hence their name 
of " ocular plates." One of the genital plates is also larger 
than the others, and carries a spongy mass which is called the 
" madreporiform tubercle," and which protects the entrance of 
the water-vascular or ambulacral system. The whole of the 
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test is covered with numerous tubercles of different sizes, which 
carry longer or shorter spines (fig. 55). The spines are jointed 
to the tubercle by a sort of " ball-and-socket" or " universal ** 
joint, and they are completely under the control of the animal, 
so as to be used both in loco- 
motion and apparently as 
defensive weapons. In most 
of our British species the 
spines are short, but in many 
tropical forms they attain a 
very great length. Besides 
the spines, the outer surface 
of the test is furnished with 
curious little bodies called 
" pedicellariae,** which were 
long believed to be para- 
sitic They consist of two 
or three blades mounted 
upon a flexible stalk and 
constantly employed in 
snapping together like the 
beak of a bird. They oc- 
cur in many other Echino- 
dermata, and their use is 
obscure. 

Locomotion is effected in the sea-urchins by a curious system 
of contractile tubes which are known as the " ambulacral tubes" 
or *' tube-feet," and which are appendages of the water-vascular 
system. The following is essentially the arrangement of the 
whole aquiferous system (see fig. 56, 2). From the madre- 
poriform tubercle on the largest of the genital plates there 
proceeds a membranous canal (/) by which the outer water 
is conducted to a central tube (0. which forms a ring round 
the gullet The tubercle is spongy, and is perforated with 
little holes, and its function is probably to act as a filter, and 
prevent foreign particles gaining access to the interior. From 
the " circular canal " round the gullet proceed five " radiating 
canals" which take their course towards the summit of the 
shell, underneath the ambulacral areas {pi). In its course each 
radiating canal gives off numerous short lateral tubes {p) — 
the ambulacral tubes or tube-feet — which gain the exterior of 



Fig. 54. — Morphology of Echinoidea. i. Por- 
tion of the test of a Sea-urchin {Galentes\ 
enlarged, showing the ambulacral areas {b) 
and interambulacral areas (a), a. Genital 
disc of a Sea-urchin {JJemicidaris) enlarged : 
c Ocular plate ; d Genital plate ; e Anal 
aperture ; y Madreporiform tubercle. (After 
Forbes.) 
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the shell by passing through the apertures in the ambutacral 
plates of the shell, a.nd which terminate in little sucking-discs. 
The tube-feet can be distended with water by means of a. series 
of little muscular bladders (n) placed at their bases, and they 
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can thus be thrust far out beyond the shell, into which they can 
be ^ain withdrawn at the will of the animal However long 
the spines may be, the animal can protrude the tube-feet to a 
still greater length ; and by the combined action of the little 
suckers at their extremities locomotion is effected with moder- 
ate rapidity, considering the bulk of the body. 

The digestive system in the Echinus consists of a mouth 
armed with a curious apparatus of calcareous teeth, which 
opens into a gullet, which in turn conducts to a distinct 
stomach. From the stomach there proceeds a long and con- 
voluted intestine, which is attached to the interior of the 
shell by a delicate membrane or " mesentery," and terminates 
in a distinct vent. The surface of the mesentery, as well as 
that of the lining membrane of the shell, is richly ciliated, and 
thus ser\'es to distribute the fluids of the body-cavity to all 
parts of thfe body. In this way, also, respiration is subserved, 
though it is probable that the chief agent in this function is 
to be found in certain specialised portions of the ambulacral 
system. The proper blood- vascular or circulatory system con- 
sists in its central portion of two rings (fig. 56, 2, d.f) placed 
round the opposite ends of the alimentary canal, and united by 



SCHINOOKRHATA. 11? 

an intennediatB muscular cavity or heart (<). The nervous 
system consists of a gangliated cord placed round the gullet, 
and sending five radiating branches along the ambulacral areas. 




fig. s&— UaipholagyafEchinddEi. i. Young Oirya) of m Eckiiaa : a Moulfa; 
i Slonwch ; r InHUioe : i Skclclon. a, Diagnm of EdiiDOi— ihe ipinci uid 
tube-fcef w rcpicscatcd over a tmall part of Ihc l«E, the blood-vHscuUr Byiiem 
u cnAS-Bhaded, mnd the Dcrvaui ATitcia u nprcKQIcd by Ihe blacli line : a Aaas ; 
fSloouch; c Muulh; ^uhI/ Vascular linganniad the digaiive canal : i Hurt; 
f Tol ; H Nemmi ring nuod Iht gullet ; / Sand-canal ; i Circular ouul nwnd 
die gullet ; M m One of Ui« radiadug Hmbalacra] canali ; Tube-fm ; ■ Second- 
ary vends ar the bates of tbe tube-feet ; / 5|4iwi \ r Madxepoiiform tubercle, 
displaced to ooe flide. 

The sexes are distinct, but in both the reproductive organs 
are in the form of five membranous' sacs placed in a radiat- 
ing manner in the interambulacral areas, and opening at the 
genital plates. The embryo of the Eckinus is at first a little 
free-swimming cilia.ted organism, a.nd it passes through an ex- 
traordinary development, which can only be alluded to here. 
In its later stages it was originally describEd as a distinct 
animal under the name of " Piufeus" {fig. 56, 1). In this state 
the larva is a curious easet-shaped body, with a distinct ali- 
mentary canal and an internal calcareous skeleton, and exhibit- 
ing distinct bilateral symmetry. The remarkable point, how- 
ever, about its further development is, that the young Echinm 
is developed out of only a portion of the Pluteus, and the 
greater part of the latter, including the skeleton, is cast away 
as useless. 

The majority of the sea-urchins are found at moderate depths 
in the sea, especially in the neighbourhood of oyster-banks. 
Others spend their existence buried in the sand; and one 
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tpecies escarates hcries for itself in the solid rock, ^iparently 



Ordek IL Asteroidea. — As the atnidiir e of the sea-urchins 
may be taken as cmbodjing the most important anatomical 
peculiatities of the Echiitodermala, and as this has been de- 
scribed at some length, it will not be necessary to do more than 
bric6y indicate the more imptirtant characteristics of the remain- 
ing orden. In the present order are included all the true star- 
fishes, the sand-stars and brittle-stais being geneiall; r^arded 
as a distinct group. The body In all the AiUrotdea is more 
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or less obviously star-shaped (fig. 57), consisting of a central 
disc surrounded by five or more lobes or arms, v^hieh radiate 
from the body, are hollow, and contain prolongations from the 
stomach. The body is not enclosed in an immovable box or test, 
as in the sea-urchins, but the integument is of a leathery nature, 
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and is richly furnished with calcareous plates, tubercles, and 
spines. The true star-fishes are distinguished from the nearly 
allied brittle-stars {Ophiuraidea) by the fact that the arms are 
direct prolongations of the body, that they contain prolonga- 
tions of the stomach, and that they are deeply grooved on their 
under surfaces for the radiating vessels of the water-vascular 
system, which are further protected by a sort of internal skele- 
ton. The upper surface of the body and arms is richly furnished 
with calcareous matter, in the form of prickles, tubercles, spines, 
and pedicellariae, these last being peculiarly modified spines. 
The upper surface, also, exhibits the madreporiform tubercle 
in the form of a concentrically-striated disc placed at the angle 
between two of the rays, and also the aperture of the anus, 
when this is present. The mouth is placed in the centre of the 
lower surface, and is not furnished with teeth. It leads by a 
short gullet into a stomach which usually terminates on the 
upper surface by an anal aperture ; but this is occasionally 
wanting. From the stomach in all the Asteroidea proceeds a 
series of much-branched membranous sacs, two of which are 
prolonged into each ray. The water- vascular or ambulacral 
system is in most essential respects identical in structure with 
that of the sea-urchins, making due allowance for the different 
shape of the body. The nervous system consists of a gangliated 
ring surrounding the mouth and sending branches along each 
of the arms. The reproductive organs, like the nervous sys- 
tem, exhibit a radiate condition, being arranged in pairs in 
each ray. 

The star-fishes are found on all our shores, but many forms 
are properly inhabitants of deep water. They differ much in 
the general shape of the body. In the common cross- fish 
{Uraster rubens) the disc is small, and is furnished with long 
finger-like rays, which are properly five in number. In the 
CribellcB the general shape is much the same. In the sun-stars 
{Solaster) the disc is large and well marked, the rays are from 
twelve to fifteen in number, and they are shorter than the 
diameter of the disc. In the cushion-stars (Goniaster) the body 
is in the form of a five-angled disc, more or less flattened on 
both sides, the rays being only marked out by the ambulacral 
grooves upon the lower surface. 

Order III. Ophiuroidea. — In this order we have only the 
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common sand-stars (Ophiurd) and brittle-stars {Opkiocoma\ 
all closely allied to the true star-fishes in external appearance, 
especially in their strikingly radiate form. The body in the 
Ojfkiurida consists of a circular central disc covered with small 
calcareous plates, and giving off five long slender arms (fig. 58, 
a, ^), which may be simple or branched, but which do not con- 
tain any prolongations from the stomach, nor have their under 
surfaces excavated into grooves for the protrusion of ambu- 
lacral tube-feet. The arms, in fact, are not prolongations or 




Fig. 58. — Ophiuroidea. a Ophiura texturata^ the common sand-star ; 
b Ophiocoma negUctay the grey brittle-star (after Forbes). 

lobes derived from the body itself, but are special appendages 
added for purposes of locomotion and prehension. The arms 
are very much longer than the diameter of the disc, and are pro- 
tected by four rows of calcareous plates — one above, one below, 
and one on each side. In the centre of each arm is a row of 
calcareous pieces which form a kind of internal axis or skeleton. 
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below which is placed the radiating ambulacral \'euel. All the 
internal organs are contained within the disc, and none of them 
pass into the arms except the nerve-cords and ambulacral ves- 
sels. The mouth is placed in the centre of the under surface of 
the disc, and opens into a globular, simple stomach, which is 
not furnished with an anal aperture, all indigestible particles 
being got rid of through the mouth. In various points of their 
anatomy the Ophinrouiea dilTer considerably from the true star- 
fishes, to which they are most nearly related, but these differ- 
ences do not require further notice. 

The habits of the brittle-stars and sand-stars are various, but 
many of them may be found in rock-pools or under stones at 
low water on our own shores. 

Order ly. Ckinoidea. — In this order are comprised £i:i{f>ti>- 
dermala, in which the body is fixed, during the whole or a 
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portion of the existence of the animal, to submarine objects by 
means of a jointed flexible stalk or column. The Crineidea 



mVERTEBRATE ANIIIALS. 



were formerly very numerous, both individually and in types, 
but they are represented at the present day by but a small 
number of living forms, of which one only (the reather-star) 
5 at all of common occur- 



rence. The body i 
Crinoids consists of a cen- 
tral disc or cup formed of 
calcareous plates, and pro- 
tecting the body of the 
animal. From the margins 
of this cup spring five or 

Oj ranged in a radiating man- 
ner, so as to form a more 
or less feathery crown. In 
one of the living groups 
(Comatuld), the animal, 
when full grown, is free ; 
but in all other living spe- 
cies, and in the great ma- 
jority of fossil forms, the 
body was attached through- 
out life to the sea-bottom 
by means of a jointed stalk 
fixed to the lower surface 
of the cup (fig. 60). 

The commonest living 
species is the rosy feather- 
star {Comalula rosacea). 
which occurs not very 
rarely on certain parts of 
our coasts (fig. 59). This 
beautiful animal consists 
of a central body or disc, 
from which proceed five 
, radiating arms, which di- 
', vide almost directly after 
' theiroriginintotwosecond- 
ary branches, so that ulti- 
mately there are produced ten long and slender rays. Each 
arm is furnished on both sides with a number of little jointed 
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lateral processes or "pinnae," so as to assume a feather-like 
appearance, from which its popular name is derived. The 
digestive system is furnished with both a mouth and a vent ; 
the water-vascular or ambulacral system appears to take no 
part in locomotion, and the reproductive organs are lodged in 
the lateral processes of the arms. The most remarkable point, 
however, about the Comatula, is the manner in which it 
develops itself. When fully grown (fig. 59, a) it presents no 
small superficial resemblance to some of the Ophiuroidea. 
When young (fig. 59, b) the Comatula is so different in appear- 
ance from the adult, that it was originally described as a 
distinct animal. It consists now of a little cup-shaped disc 
with ten radiating arms above, produced by the splitting into 
two of five primary rays, and furnished inferiorly with a little 
flexible column or stalk composed of a number of calcareous 
joints. By this jointed stem the body is at this period of life 
fixed to sea-weeds or other submarine objects. When suffi- 
ciently mature, however, the body drops off its stalk, and then 
only requires to grow in size to become a fully-developed 
Comatula, 

The stalked condition which we have just seen to constitute 
a merely temporary stage in the life-history of the Comatula is, 
on the other hand, the permanent state of parts in all the 
" stone-lilies " and other fossil Crinoidea, and in a few living 
forms. Of these recent species, one of the most remarkable is 
one which has been recently discovered in the Atlantic and 
North Seas, and which has been described under the name of 
Rhizocrinus lofotensis. This curious species (fig. 60) consists 
of a little thread-like jointed stem supporting a calcareous cup, 
from which proceed five branched and jointed arms ; and the 
stalked condition is here permanently retained during life. 

Orders V. and VI. Cystoidea and Blastoidea. — These 
orders merely require to be mentioned here, as all the forms 
included in them are extinct, and are unrepresented at the 
present day by living species. In both, the body is enclosed 
in a kind of box formed by jointed calcareous plates (fig. 
61), and it was in most cases permanently fixed to the sea- 
bottom by a jointed stalk or column. The arms, which 
form so conspicuous a feature in the true Crinoidea, were 
either absent or very rudimentary. Both orders are most 
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cl05«ly allied to the Crinoidea, and they constitute probably 
the least highly developed sections of the whole class of the 
Echinodermata. 




*6.,-Cr, 


Kidaw. A. EMno. 


fiarltr 


auran 


,1™.; B 


Crrfl^^nu 


faw 


C, EcUkm 




D, £cJHi«xmtn 


■w arm 


tH,: E. 0« 


of [h 


pliUUOflh 


t game, enlarged, iho 




of the 


ocalled ' 




omba 


F, mi«t. 


,U,cyU*dTicu.. Al 








fror, ™= .; 


t. W 


B. and C iL 


reifUrVonBuchiD 






Forbci ; 


«.dFi..ftt 


HaU. 



Order VII. Holothuroidea.— In this order are comprised 

the highest of the Eckinodermala. all very different in outward 
appearance from any of the forms we have hitherto considered. 
They are commonly known as sea-cucumbers or trepangs, but 
they are rare and inconspicuous animals at the best. They are 
all more or less worm-shaped or snail-like in form, and they 
are either altogether destitute of calcareous matter in the skin, 
or, with rare exceptions, have only scattered grains and spines 
of this material. As a rule, the skin is leathery, and is 
endowed with wonderful contractility by means of powerful 
longitudinal and transverse muscles. In consequence of this 
they can in many cases eject all, or almost all, their internal 
organs, and can sometimes divide their bodies into several 
parts when injured or alarmed. Locomotion is effected by 
alternate extension or contraction of their worm-like bodies, or 
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by rows ot ambulacral tube-feet, like those of the sea-urchins, 
protruded through the integument. Typically, the tube-feet 
are arranged in five longitu- 
dinal zones, as in the sea- 
urcbins (fig. 62) ; but, in other 
cases, the tube-feet are irregu- 
larly distributed over the whole 
body, and in a few cases they 
are emitted from the lower 
surface of the body alone. In 
some forms {Synapta), there are 
no tube-feet, and locomotion is 
effected by numerous minute 
anchor-shaped spicules of lime, 
attached to plates sunk in the 
skin (fig. 63). There is always 
a mouth at one extremity of 
the body, and a distinct vent 
at the other. The mouth is 
^tuated anteriorly, and is sur- 
rounded by a circlet of feathery 
tentacles (fig. 49). which are 
believed to be modified tube- 
feet The water -vascular or 
ambulacral system is sometimes 
quite rudimentary, but in other 
cases its internal arrangement ^-^ 6,.—pni 
much resembles that of the the crown oi 
a-urchins, except that the ■'■«■' 




madreporiform tubercle 
body, but hangs down freely 
most of the Holothuroidea 
there arc appended to the 
termination of the intestinal 
canal two much -branched 
tubes, which are filled with 
sea-water from without, and 
are believed to exercise a re- 
spiratory function, hence the 
name of "respiratory tree" 
often applied to them. 



placed on the outside of the 
the interior of the body. In 




Fig. 6}.— Anchor-shaped ipicules of Syn- 
apta, and ihc platti to which these are 
■tuclicd. Macnifiad gnally. 
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The British species of Holothurians, as already said, are 
all rare, and are mostly only te be obtained by dredging 
in tolerably deep water. Some of the foreign forms attain 
a large size, and some are largely searched after to be sold 
in the Chinese market, being regarded in that country as a 
delicacy. 
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CHAPTER XI. 

CLASS II. SCOLECIDA. 

In the second class of the sub - kingdom Annuloida are 
included a number of organisms which are, in many cases, 
very unlike one another in external appearance, but which 
nevertheless agree in one or two structural points of import- 
ance. The most important of these are the possession of 
a system of water-vascular vessels, and the possession of 
a nervous system composed of no more than one or two 
nervous masses or ganglia. The points by which the Scolecida 
are distinguished from the EckinocUrmata are, the absence of 
calcareous matter in the skin, the absence of any traces of a 
radiate arrangement of their parts, especially of the ner\'ous 
system, the constant absence of any blood-circulatory apparatus, 
and the course of their development. The Scolecida are often 
vermiform in shape, but many of them exhibit no worm-like 
characters, and one whole order is entirely microscopic. A 
great many of the Scolecida are internal parasites in other ani- 
mals, and these are often collectively spoken of as Entozoa 
(Gr. entost within; zoon^ an animal). These parasitic forms 
subsist by an imbibition of the juices of their host through 
their delicate integument. They have, therefore, no necessity 
for acquiring food for themselves; and we find, in consequence, 
that many of them are wholly destitute of an alimentary canal, 
and that in all the organs of "relation" are very rudimentary. 
The Scolecida are divided into the following seven groups or 
orders : — 

1. TcBfuada (Tapeworms). 

2. Trematoda (Flukes). 

3. Turbellaria (Ribbon-worms and Planarians). 

4. Acanthocephala (Thorn-headed worms). 

5. Gordiacea (Hair-worms). 
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6. Nemaioda (Round-wonns and Thread-worms). 

7. Rolifera (Wheel-animalcules). 



Order I, Taniada. — In this order are comprised the so- 
called Tapeworms (fig. 64, 5) and the bladder-worms or cystic 




r«. 64.— Morphology of Ta 
cue: 3. A bladdcr-WDmi tLyi. 
adult Ttmui teliKrn, oiLat^ed. sb 
•ingle gmtrwivt joint, enlarged 



I show the branched ovary (ff). the i 
nail (*) ; 5. Fragmtnt of Tmia mSi 



worms (fig. 64. 2). These were formerly described as distinct 
groups ; but it is now known that the latter are merely the 
immature forms of the former. The peculiarity which distin- 
guishes the development of the Tieniada, and which led to the 
cystic worms being described as distinct animals, is that the 
dilTerent stages of growth are always found inhabiting different 
animals or "hosts." If the fully-grown tapeworm is found in 
one animal, then its young form or cystic worm will always be 
found in another. Many animals are infested by tapeworms; 
but all the leading points of interest in the order will be 
brought out by a consideration of the commonest of the three 
tapeworms to which man is subject— namely, the common tape- 
worm, or Tania solium. The common tapeworm is found in- 
habiting the intestines of man, one only being generally present 
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in the same individual. In shape (fig, 64, 5) it is an extremely 
elongated, flattened, tape-like body, many feet in length, and 
composed of a number of flattened joints (fig. 64, 4) all loosely 
united to one another. At one extremity the joints become 
much smaller and narrower, till ultimately a point is reached 
where the organism is firmly fixed to the mucous membrane of 
the intestine by means of a minute rounded head (fig. 64, 3). 
The organs by which attachment is effected are, in this species, 
a crown of recurved hooks and four suckers. The head iS in 
reality the true animal, and all the long, jointed, tape-like body 
which follows this, is really produced by a process of budding 
from the head. The head contains no reproductive organs, 
and is not furnished with a mouth or digestive organs of any 
kind, its nutrition being entirely effected by imbibition of the 
nutritive fluids elaborated by its host A nervous system, in 
the form of one or two ganglia, sending filaments backwards, 
is said to be present ; but there is some doubt on this point 
The water- vascular system (fig. 64, 4) consists of two long ves- 
sels which run down each side of the body and communicate 
at each articulation by a transverse vessel, the whole opening in 
the last joint into a contractile vesicle. Each joint is sexually 
perfect, or hermaphrodite, containing both male and female re- 
productive organs (fig. 64, 4), which open on the surface by a 
small raised aperture, the " generative pore." Almost the whole 
of each of the mature joints is filled up by a much-branched 
ovary. As the head is the true animal, and the numerous joints 
are only produced by budding, it follows that the entire organ- 
ism is to be regarded as a kind of colony, constituted by a 
single sexless zooid or " nurse " and numerous sexual zooids, 
produced by budding from the former. 

The process of development — that is to say, the process by 
which this composite organism, commonly known as the tape- 
worm, is produced — is a very remarkable one, and is briefly as 
follows : Each generative segment or joint, as already said, is 
hermaphrodite, and contains innumerable ova. These eggs, 
however, cannot be developed within the body of the animal 
infested by the tapeworm itself, but they are compelled to gain 
access to the body of some different species of animal, if de- 
velopment is to proceed. To secure this end, the mature joints 
of the colony break off, and are expelled from the alimentary 
canal of the host The joints thus expelled die and decompose, 

I 
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and their contained eggs are thus set free. Each egg (fig. 64, 
i) is covered with a little leathery capsule which protects it 
from injury, and contains a minute embryo in its interior. If 
this microscopically small egg be swallowed — as in many ways 
it easily may be — ^by another warm-blooded animal (in this par- 
ticular case by the pig), then a fresh series of changes ensues. 
The leathery case of the ovum is dissolved in the stomach of 
the new host, and the embryo is set free, when it bores its way 
through the walls of the stomach by means of little siliceous 
hooks with which it is provided. Having reached a suitable 
locality, the young tapeworm proceeds to surround itself with a 
kind of cyst, and it develops from its hinder end a kind of blad- 
der filled with fluid (fig. 64, 2). It is now a bladder-worm, or 
cystic worm, and as such would formerly have been regarded 
as a distinct animal. In the particular case of the Tarda solium 
which we are now considering, the cystic worm is found imbed- 
ded in the muscles of the pig, and it constitutes in that animal 
the disease known as the measles. In this cystic stage the 
young tapeworm may remain for an apparently indefinite period, 
being quite incapable of developing eggs, though sometimes 
fresh bladder-worms may be produced by a process of budding. 
For its further development it is necessary that it should now 
be introduced into the alimentary canal of man. If a portion of 
measly pork be eaten, with these cystic worms imbedded in it, 
then the young tapeworm is liberated from its cyst : it fixes it- 
self by means of its suckers and booklets to the mucous mem- 
brane of the intestine, and its caudal bladder drops off. It is 
now converted into the head of the adult tapeworm. It finally 
commences to throw out buds from its hinder extremity, and 
in these buds or joints the reproductive elements are produced, 
so that ultimately we get the long flattened jointed colony with 
which we started. 

This extraordinary series of phenomena is now known to 
occur in other cases, but space will not admit our dwelling 
upon these. Another of the tapeworms of man (the Tania 
mediocanellatd) is developed in the same way from the measles 
of the ox. The tapeworm of the cat is the mature form of the 
bladder-worm of mice, and the tapeworm of the fox is derived 
from the cystic worm of hares and rabbits. Lastly, man is not 
only liable to be infested with the tapeworms derived from the 
cystic worms of other animals, but may be attacked by the cystic 
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or immature forms of the tapewonns of other animals. Thus 
the disease known as " hydatids" in the human subject is caused 
by the presence in his tissues of the cystic worms which are 
ultimately developed into one of the tapeworms of the dog. 

Order II. Trematoda. — The "suctorial" woims, or "flukes," 
as the members of this order are commonly called, are all inter- 
nal parasites, inhabiting various situations in different animals, 
but especially affecting birds and fishes. They are all more or 
less flattened and rounded in shape, and are furnished with one 
or more suckers, by which they adhere. They are distinguished 
from the Taniada by always possessing an alimentary canal, 
which is often much branched (fig. 65, i). is simply hollowed 
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out of the tissues of the body, and is never provided v 
tinct anus. The best known of the Trematoda is thi 
liver-fluke {Ditloma Hefiaticum, fig. 65, i), which inhabits the 
gall-bladder or ducts of the liver in sheep, and is the cause of 
the disease known as the rot. In form it is ovate, flattened on 
the two sides, and presenting two suckers, of which the anterior 
is perforated by the aperture of the mouth. A branched water- 
vascular system is present, and opens posteriorly by a small 
aperture. The alimentary canal bifurcates shortly behind the 
mouth, the two divisions thus produced being much branched, 
and terminating posteriorly in blind extremities. In Distama 
ttmceglatttm (fig- 65, 2) the intestine is divided into two branches, 
but these are simple tubes, and are not branched. 
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Order III. Turbellaria. — The aaimals included in this 
order difler altogether from the Trematoda and Taniada in 
being almost all aquatic in their habits and being all non-para- 
sitic They never possess sucking-discs or hooklets, and their 
integument is always furnished with vibrating cilia, A water- 
vascular system is always present, but it appears sometimes not 
to communicate with the exterior. The alimentary canal is 
sometimes simply hollowed out of the tissues and destitute of 
an anus, as in the Trematoda, and at other times suspended in 
a free space (body-cavity) and furnished with an anus. It may 
be simple or much branched. 

The best known of the members of this order are certain 
little, jeliy-likc, soft-bodied, ovate, or elliptical creatures, which 
are commonly found in fresh water or on the sea-shore, and are 
known as Pianarians. The skin in these curious little animals 
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(fig. 66, I, 2} is richly furnished with cilia, and also c 
numerous cells which have been compared to the " nettle-cells" 
or"cnidie" of the CteUnteraia. The intestine may be either 
straight or branched, but always terminates behind in blind 
pouches, and is never provided with an anus. The water-vas- 
cular system communicates with the exterior. The nervous 
system consists of two ganglia, placed in front of the mouth, 
and united by a cord. There are generally rudimentary eyes 
or pigment-spots, which vary in number from two to sixteen. 

The remaining members of the Turbellaria are known as 
ribbon-worms {Netneriida), and are not uncommonly found on 
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the sea-shore. They differ from the PlaRorida in being worm- 
like in shape, by the fact that the alimentary canal is furnished 
with a distinct anus, and by the absence of an external opening 
to the waieT'Vascular system of the adult, in some cases at any 
rate. Their development sometimes shows phenomena very 
similar to what occurs in the Eckinodtrmata, the larva (lig, 66, 
4) being a free-swimming ciliated organism, of which only a 
portion is employed in producing the adult animal, the remain- 
der being cast off as useless. 

Order IV. Acanthocefhala. — The " thorn-headed worms" 
included in this order are all internal parasites. They are 
worm-like in shape, marked with trans- 
verse wrinkles, and destitute ofany mouth 
or alimentary canal. TTie anterior entre- 
mity of the body (fig. 67) forms a kind of 
proboscis or snout, which is armed with 
recurved hooks, and has placed at its 
base a single nervous ganglion. Beneath 
the skin is a network of canals, contain- 
ing a clear fluid, and believed to rep- 
resent the water-vascular system. The 
thom-headed wonns include some of the 
most formidable parasites with which 
we are as yet acquainted, the best known 
being the various forms of Echinorhyn- 
chus, which are found inhabiting the 
alimentary canal in many mammals, 
birds, and Gsbes, but not as yet in man. 

Order V. Gordiacea.— The Gordi- 
acta, or " hair-worms," are thread-like 
parasites which in the earlier stages of 
their existence inhabit the bodies of va- 
rious insects, chiefly beetles and grass- lUgtatahu, h 
hoppers. They possess a mouth and ali- ginidinBUy. > 
mentary canal, but have no anus. The f^mi" oral 
sexes are distinct, and they leave the Leuckart.) 
bodied of the insects which they infest to breed, subsequently 
depositing their eggs in long chains either in water or in some 
moist situation. Id form the Gordiacea are singularly like 
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hairs, and they often attain a length very many times greater 
than that of the insect in which they live. 

Order VI. Nematoda. — In this order are the "round- 
worms " and " thread-worms," both of which arc parasitic, to- 
gether with a number of worms 
which lead a permanently free ex* 
istence. All the Nematoda (fig. 68) 
are elongated and cylindrical or 
thread-like in shape. They possess 
a distinct mouth, and an alimentary 
canal which is freely suspended in 
an abdominal cavity, and which ter- 
minates in a distinct anus. They 
possess a system of canals which 
are believed to represent the water- 
vascular system ; and the nervous 
system is in the form of a gangli- 
ated cord surrounding the gullet, 
and sending filaments backwards. 
Amongst the best known of the 
parasitic Nematodes are the com- 
mon round-worm {Ascaris lunbri- 
coides) and the thread-worm (Oxy- 
uris) of the human subject, both of 
which inhabit the alimentary canal ; 
and the guinea -worm {Filaria\ 
which spends a portion of its exist- 
ence in the cellular tissue of man, 
especially of the legs, and which 
Fig 68.— Nematoda. A, Vinegar- attains a length of Several feet. 

eel {.AnguiUula acett). B, Do- t,k % .« r ^i. 

ryi^in^ stagnaiii. a free ^o^e dangerous than any of these 

Nematode, living in stagnant is the Trichina, which Spcuds itS 

^*'**'* immature stages encysted in the 

muscles of some such animal as the pig, and only attains matu- 
rity and becomes capable of producing young when introduced 
into the alimentary canal of some other warm-blooded verte- 
brate animal. When this takes place, a train of symptoms are 
originated which somewhat resemble rheumatic fever, and 
appear to be very generally fatal. 

Of the free Nematode worms, which are never parasitic at . 
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any time of their (ives, about aoo species have been described, 
most of which inhabit fresh water or the shores of the sea. 
Oire of the most familiar is the so-called " vinegrar-eel " {Anguil- 
iu/a ace/i {Sg. 68, a}. 

Order VII. Rotifera.— The Rotifera, or "wheel-animal- 
cules," derive their popular name from the fact that the anterior 
end of the body is furnished with one or two circlets of cilia 




Fig. f^k — Rotifera, A. Dugmnmatic TeprqentHdoa of Hydatina anta (geoe- 
raliMdfioDi Piildurd}: a DeprcBsion in the cilLaLcd dLH: luding lothe dige«iv« 
canil '. b Month ; c Pbaiyngeal huLh with muIicMsty apparalui ; d Siomich ; 
t Closua;/ CanDactilt bladder; g g Rupintory or wtirr-vucular lubct; 
j| Nejve-gangliOD, giving filamem to dilated pit (*): fl Ovary. B, Melictrta 
ringna (after Goue). 

(fig. 69) which, when in motion, vibrate so rapidly as to produce 
the illusory impression of a quickly- rotating toothed wheel. 
The Rotifera arc all aquatic, and are mostly inhabitants of fresh 
water. They are all microscopic in size, none attaining a 
greater length than i-36th of an inch. In the females there is 
a distinct mouth, intestinal canal, and anus. A nervous system 
is also present, consisting of ganglia placed near the anterior 
eitremity of the body and sending filaments backwards. There 
is, finally, a well-developed water- vascular system. 

Most of the Rotifera are free-swimming active little animals 
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(fig. 69, a), but some are permanently fixed, as in Melicerta {^%, 
69, b) or in the crown-animalcule (Stephanoceros), They are 
usually simple, but they are sometimes composite, forming col- 
onies. As a rule, the male and female Rotifera diflfer greatly 
from one another, the males being smaller than the females, de- 
void of any masticatory or digestive apparatus, and more or less 
closely resembling the young forms of the species. The males, 
in fact, merely lead a transient existence, and die as soon as 
they have succeeded in fertilising the females. The body in 
most cases is very distinctly ringed or annulated (fig. 69, a), but 
is not composed of distinct rings separated by partitions. The 
integument is usually provided with bundles of muscular fibres 
taking a longitudinal and transverse direction. In the free 
forms the anterior ciliated disc acts somewhat like the propel- 
ler of a screw-steamer in driving the organism through the 
water — in all cases it has the action of producing currents in 
the water by which particles of food are brought to the mouth. 
The posterior end of the body is usually developed in the free 
forms into a kind of tail or foot (fig. 69, a), which may take the 
shape of a kind of pincers or of a little suctorial disc. 

As regards their internal anatomy, in the females of almost all 
the Rotifera there is a well-developed alimentary canal, which 
is completely shut off from the general cavity of the body. The 
mouth (fig. 69, A, b) opens into a dilated chamber or " pharyn- 
geal bulb " (r), which contains a complicated apparatus of horny 
teeth. The pharynx opens into a capacious stomach (^Z), con- 
tinued into an intestine which terminates by a chamber known 
as the *' cloaca " {e), which forms the common outlet for the 
water- vascular and generative systems. In both sexes there is 
a well-developed water-vascular system consisting of a contrac- 
tile chamber or bladder (/), opening into the cloaca, and giving 
origin to two complicated tubes which are known as the " res- 
piratory tubes "(^^), and which terminate near the anterior 
end of the body, apparently by blind extremities. The nervous 
system is in the form of a large double ganglion placed above 
the gullet, and having one or two eye-specks placed upon it. 
The ovaries (p) constitute conspicuous organs in the female 
Rotifera, but in summer the young Rotifers appear to be pro- 
duced by the females without having access to the males. 

The Rotifera were long confounded with the Infusoria, in 
consequence of their great similarity in external appearance. 



SCOLECIDA. 137 

They are, however, of an obviously much higher grade of struc- 
ture. One of the most remarkable phenomena presented by the 
Rotifera is found in the undoubted fact that in spite of their 
complex organisation and aquatic habits they can be dried, and 
again brought to life by the addition of a little water, and that 
this desiccation and restoration to life can be apparently repeated 
many times in succession without injury. 

Tabular view of the Divisions of the Annuloida. 

Class I. Echinodermata. — Integument more or less highly 
charged with lime, or leathery. A*- water • vascular system, which 
usually assists in locomotion, and usually communicates with the ex- 
terior. Adult more or less distinctly radiate. 

Order i. Crinoidea, — Ex, Feather-star (Comatula). 

Order 2. Blastoidea (extinct). 

Order 3. Cystoidea (extinct). 

Order 4. Ophiuroidea, — Ex, Brittle-stars and Sand-stars. 

Order 5. Asteroidea, — Star-fishes. 

Order 6. Echinoidea, — Ex. Sea>urchins. 

Order 7. Holothuroidea, — Ex, Sea-cucumbers. 

Class II. Scolecida. — Usually flattened or cylindrical ; soft- 
bodied ; water-vascular system not assisting in locomotion ; no proper 
blood-vascular system ; nervous system not disposed in a radiating 
manner. 

Order i. Taniada, — Ex, Tape- worms. 

Order 2. Trematoda, — Ex, Flukes. 

Order 3. Turbdlaria, — Ex, Planarians. 

Order 4. Acanthocephala, — Ex, Echinorhynchus. 

Order 5. Gardiacea,^ Ex, Hair-worms. 

Order 6. NemcUoda, — Ex, Round- worms. 

Order 7. Rotifera, — Wheel-animalcules. 
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SUB-KINGDOM IV. ANNULOSA. 
CHAPTER XII. 

ANARTHROPODA. 

Sub -KINGDOM Annulosa. — In this sub -kingdom is com- 
prised an enormous number of animals which agree in the 
following characters (fig. 70). The body is composed of a 
number of segments or rings arranged along a longitudinal 
axis. There is a distinct alimentary canal {b), placed cen- 
trally as compared with the other organic systems, and com- 
pletely shut off from the general cavity of the body. The 




b 

Fig. 70.— Diagram of an Annulose animal, a Blood-vascular or haemal system ; 

b Digestive system ; c Neural system. 

haemal or blood - vascular system may be absent, but, when 
present, it is always situated on the dorsal aspect of the body 
(a). The nervous system is always present, and is placed along 
the ventral surface of the body. In its typical form it consists 
of two nervous cords running along the whole length of the 
ventral surface, and having a pair of ganglia developed in each 
ring. The first pair of ganglia is always placed above the 
gullet, and the second below, so that the gullet is surrounded 
by the two cords, uniting these ganglia (constituting the so- 
called cesophageal collar). The limbs (when present) are al- 
ways turned towards the neural aspect — that is to say, towards 
that side of the body upon which the nervous system is situated. 
The entire sub-kingdom of the Annulosa is divided into two 



ANARTHROPODA. I39 

great divisions termed Arthropoda and Anarthrapoda, accord- 
ing as the body is provided with jointed appendages or not. 
In the Arthropoda^ in which the body-rings are furnished (some 
or all) with jointed appendages, are included the Crustaceans 
(lobsters, crabs, &c.), the spiders and scorpions, the centipedes, 
and the insects. In the Anarthropoda, in which there are no 
true jointed appendages, are included the spoon-worms, leeches, 
earth-worms, tube-worms, and sand-worms.* 

Division I. Anarthropoda. — In this division of the Annu- 
losa, the locomotive appendages are never distinctly jointed or 
articulated to the body. In this division are included two 
principal classes — the Gephyrea and the Annelida,\ 

Class I. Gephyrea. — This class is a very small one, and 
includes a number of worm-like animals, which in most respects 
are very similar to the following class of the Annelida^ but are 
distinguished by having no locomotive appendages attached to 
the sides of the body. They were long placed amongst the 




Fig. 71.— Gephyrea. Syrinx nudus (after Forbes). 

Echinodermaia, having a decided relationship to the worm- 
like Holothurians, They are distinguished, however, by never 
secreting calcareous matter in the skin, and by having no water- 
vascular or ambulacral system. There can be no doubt, how- 
ever, that the Gephyrea are, on the whole, very nearly related 
to the Holothurians s and it is chiefly frpm the total absence of 

* The Anarthropoda are often united with the Scolecida into a common sub-king- 
dom under the name of Vemus; in which case the Echinodemtata are retained 
apart in a special sub-kingdom. 

t A third class has been constituted under the name of Cfuttognatha for some 
MPgnlar marine animals, transparent and worm-like in form, with lateral fins at the 
hinder end of the body, and having the mouth armed with bristles. They form the 
genus Sagitta,^ 
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any radiate arrangement of the nervous system and internal 
organs that they appear to be more properly classed with the 
worms. The Sipunculus or spoon-worm is found burrowing in 
the sand of many sea-coasts, or inhabiting the cast-away shells 
of univalve shell -fish. A considerable number of species of 
this class have been recorded as occurring in British seas, and 
one of the more characteristic forms is figured above (fig. 71). 

Class II. Annelida. — The Annelida or ringed -worms are 
distinguished from the preceding by the possession of definite 
segmentation, the body being composed of a number of rings 
which are all similar to each other except at the two ends 
of the body. All the Annelida are more or less worm-like in 
shape, and in all, except the leeches, the segments are (some or 
all) provided with lateral appendages which mostly subserve 
locomotion, but which are never jointed to the body. In the 
typical Annelida each segment (fig. 72) consists of two arches, 




Fig. 72. — Diagrammatic transverse section of a t^'pical Annelide. d Dorsal arc ; 
V Ventral arc ; n Branchiae or gills ; a Dorsal oar ; b Ventral oar — both carrying 
bristles and a jointed filament. 

termed, from their position, respectively the " dorsal arc" (//), 
and the *' ventral arc " (t/). Each segment carries a lateral 
process on each side, which are known as the " foot-tubercles " 
{parapodia). Each foot - tubercle in turn may consist of an 
upper piece or "dorsal oar" {a), and a lower piece or "ventral 
oar " {b\ both carrying a tuft of bristles and a soft jointed fila- 
ment (the " cirrhus "). 

The nervous system consists essentially of a double gang- 
liated chain placed along the ventral surface of the body, and 
traversed in front by the gullet, so that the first ganglion lies 
above the gullet (fig. 70). The digestive system consists of a 
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mouth, generally with a protrusible proboscis, and sometimes 
homy jaws, a gullet, stomach, intestine, and a distinct anus. 
As a rule, the alimentary canal runs straight from one end of 
the body to the other without describing any convolutions in 
its course. In almost all cases the alimentary tube is placed in 
a distinct perivisceral cavity, which contains a fluid with solid 
particles in it, believed to correspond to the blood of the higher 
Annulosa, In most, if not in all, there is an additional system 
of vessels which carry a fluid containing solid particles, which 
are contractile, and which send branches to the respiratory 
organs, when these exist. This system is believed not to cor- 
respond to the blood - vascular system of the higher animals, 
and it has therefore been termed the " pseudo-haemal " system 
[Qtx, pseudost falsity; and haima^ blood). It is believed, on the 
other hand, to be truly homologous with the water-vascular sys- 
tem of the Annuloida, Respiration is effected by the general 
surface of the body, or by distinct gills or branchiae. In most 
cases, also, there exists a series of peculiar involutions of the 
integument, which are known as the "segmental organs" or 
" respiratory pouches," and which are believed to be partially 
concerned in the respiratory process. The sexes in the Annelida 
are sometimes distinct, sometimes united in the same individual. 
The embryos are almost always ciliated, and many of them pass 
through a metamorphosis. 
The Annelida may be divided as follows : — 
Section A. Abranchiata. — ^Without gills or branchiae. 

1 . Hirudinea. — (Leec h es.) 

2. Oligochceta, — (Earth-worms.) 
Section B. Branchiata.— With branchiae. 

3. Tubicola, — (Tube- worms.) 
4* iE'rrtf«//tf.— (Sand- worms.) 

Order I. Hirudinea {Discophora). — This order comprises 
only the leeches, some of which are marine, whilst others in- 
habit fresh water. The leeches (fig. 73) are all characterised 
by the fact that the body is destitute of lateral bristles or foot- 
tubercles, but is provided with a sucking-disc at one or both 
extremities. In the typical forms, as in the common medicinal 
leech, there are sucking-discs at both ends of the body, and in 
those in which only the hinder sucker is present, the head can 
be converted into a suctorial cavity. Locomotion is effected 
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either by means of the alternate fixation and detachment of the 
suckers, or by a serpentine bending of the body. 

The body is obviously ringed or annulated, but none of the 
rings carry lateral appendages of any kind. The mouth is 
sometimes destitute of teeth, but is sometimes armed with 

complex jaws. The alimentary canal 
is short, with lateral dilations, and 
united to the skin by means of a spongy 
vascular tissue, so that the body-cavity 
is obliterated. The pseudo - haemai 
system is well developed, and consists 
essentially of four great longitudinal 
vessels. Respiration appears to be 
effected, in part at any rate, by means 
of the segmental organs, which have 
the form of little sacs which open 
externally by minute apertures. The 
ner\'ous system has its usualjform, and 
the ganglia in front of the gullet {^^prce- 
cesophageaV ganglia) give off branches 
to a number of simple eyes which are 
placed on the head. The sexes are 
united in the same individual. 

The most familiar of the leeches are 

the common horse-leech (HcBmopsis), 

Anterior extremity of the and the medicinal leech {Sanguisuga 

same magnified, showing the officinalis, ^z. T^), The former has no 

c One of the jaws detached,' teeth, but the latter is provided with 
showing the semicircular three scmicircular toothed jaws (fig. 

toothed margin. » \ i • » ^ • • ^ i 

73» Ot c)t which meet m a pomt, and 
are sufficiently powerful to cut through the human skin. The 
medicinal leech is a [native of fresh waters throughout the 
south and east of Europe, and it is imported in large numbers 
from Hungary, Bohemia, and Russia. 




I^'g- 73' — Hirudinea. a The 
medicinal leech {Sanguisuga 
officinalis), natural size; b 



Order II. OuGOCHiEXA. — In this order are included the 
earth-worms {LumbricicUE), and the water-worms {Natdida), 
They are all distinguished from the preceding by the fact that 
the body is furnished with rows of bristles which take the place 
of the foot-tubercles of the higher Annelida, and which are 
the organs of locomotion. They are distinguished from th6 
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higher forms by the fact that the locomotive bristles are com- 
paratively few in number, hence the modem name of the order 
(Gr. oligos, few ; and chaite, a bristle). In the common earth- 
worm (Lumbricus terresiris) the body is cylindrical, attenuated 
at both ends, and furnished with eight rows of locomotive 
bristles. The mouth is destitute of teeth, and opens into a 
^ gullet which leads to a muscular crop, succeeded by a second 
muscular dilatation or gizzard. The intestine is continued 
straight to the anus, and is constricted in its course by numer- 
ous transverse partitions springing from the walls of the body- 
cavity. The pseudo-haemal system is well developed ; and 
there exists in even greater numbers than in the leeches the 
series of segmental organs, or lateral pouches, which open 
externally by pores. The Naididcs are chiefly noticeable on 
account of the power which many of them possess for producing 
fresh individuals by a process of budding before they attain 
sexual maturity. One of the commonest of them is a little 
worm {Tubi/ex rivulorum) which occurs abundantly in many 
of our pools and streams, and which exhibits a fine red 
colour, owing to the pseud - haemal system being visible 
through the transparent integument. 

Order III. Tubicola. — The Annelides included in this 
group derive their name from 
the fact that they have the 
power of protecting themselves 
by means of tubes (Lat. tuba^ a 
tube; and colo, I inhabit). In 
some cases (fig. 74) the tube is 
composed of carbonate of lime, 
and is a genuine secretion from 
the body. In other cases, the 
tube is composed of grains of 
sand or pieces of broken shell, 
cemented together by a glutin- 
ous secretion from the surface 

of the body. In all the Tubi- Fig. 74.— Tubicola. a Serpula contor- 

cola the respiratory organs are tupucata, showing the branchia and 

*^ . , 1 1 /•! Qv^xix\yxm\ b SMrorbis communis. 

m the form of branched fila- 
mentous external gills, in which the fluid of the pseudo-haemal 
system is subjected to the action of the outer water. They are 
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therefore "branchiate" Annelides. As they live in tubes, how- 
ever, and do not voluntarily expose more than the anterior end 
of the body, the branchije are all placed on or near the head. 
The filaments of which the gills are composed (fig. 74, a) are 
richly ciliated, and as the pseudp-hjemal fluid is usually red, 
they have generally a beautiful scarlet colour. 

The most familiar of the Tubicola is the Serpula(fig. 74, a),' 
the contorted and winding tubes of which must be known to 
every one as occurring on shells or stones on the sea-shore. 
One of the cephalic filaments in Serpula is much developed, 
and its extremity forms a kind of conical plug or " operculum," 
which serves to close the mouth of the tube when the animal is 




Fig. }S.—CirrAtttiilyi grmdi 



retracted within it. In Spirorbis (fig. 74, S) the shelly tube is 
coiled into a flat spiral, which is fixed to some solid object. It 
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is of extremely common occurrence on the fronds of sea-weed, 
and on other submarine objects. 

Order IV. Errantia.— The Annelidcs comprised in this 
order are called " errant " (Lat. erro, I wander), or "roving," 
from the fact that they all lead a free existence, and are never 
confined in tubes (fig. 75). They have always lateral unjointed 
appendages, or foot-tubercles, which carry tufts of bristles, and 
a soft jointed filament or cirrhus. The anterior rings of the 
body are usually so modified as to form a sort of head, which 
is provided with eyes and with two or more feelers, which differ 
from the antennae of insects and Crustaceans in not being 
jointed. The mouth is placed on the inferior surface of the 
head, and is sometimes furnished with one or more pairs of 
homy jaws which work from side to side. The upper part of 
the alimentary canal is muscular, and can be turned inside 
out, or protruded beyond the true opening of the mouth. The 
pseudo-haemal system is well developed, and its contained fluid 
is mostly red. Respiration is effected by external processes, 
gills or branchiae, arranged in tufts placed along the sides or 
back of the body, and not confined to the immediate neigh- 
bourhood of the head, as in Tubicola, The sexes are in dif- 
ferent individuals, and the young pass through a metamor- 
phosis. 

Amongst the best known and commonest of the Errant 
Annelides are the common lob- worm {Arenicola piscatorum) 
of our coasts, which \^ constantly used by fishermen for bait ; 
and the sea-mice {Aphrodite and Polynoe), some of which 
attain a large size, and are conspicuous for their iridescent 
bristles. Other less abundant forms may be readily obtained 
by searching under stones at low-water. 
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Division II. Arthropoda or Articulata. — The members of 
the sub-kingdom Annulosa comprised under this head are 
generally known as Articulate animals, or as Arthropoda (Gr. 
arthros, a joint ; and podes, feet). They are all distinguished 
by the possession q{ jointed appendages articulated to the body. 
The body is composed of a series of distinct rings or segments 
(technically called "somites") arranged longitudinally one be- 
hind the other (tig. 76). The skin is more or less completely 
hardened by a homy deposit of " chitine," with or with out lime, 




F^g;. 76.— Anhropocla. The Sand'hoppcr, Talitt 






so as to form a resisting shell, to the inner surface of which the 
muscles are attached. There is consequently no necessity for 

any internal skeleton. The nervous system in the young of all 
Articulate animals has its typical form of a chain of ganglia 
placed along the ventral surface of the body, and traversed in 
front by the gullet. In the adult, however, this typical state of 
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the nervous system is often lost or modified. The blood-circu- 
latory system may be absent ; but when it is present, it is 
placed dorsally (fig. 70), and consists of a true blood-system 
containing corpusculated blood, and furnished with a contrac- 
tile cavity or heart. Respiration is sometimes effected simply 
by the general surface of the body, but there are generally 
special organs, adapted for breathing air either directly or 
through the medium of water. Jointed appendages are always 
present, and may be developed from any segment of the body. 

The Arthropoda are divided into four great classes — viz., the 
Crustacea (crabs, lobsters, &c.), the Arachnida (mites, spiders, 
and scorpions), the Myriapoda (centipedes and gal ley- worms), 
and the Insecta (or true insects). These are roughly distin- 
guishable from one another by the following characters : — 

1. Crustacea, — Animal more or less truly aquatic ; respiration by 
gills, or by the general surface of the body ; two pairs of antennae 
(feelers) ; locomotive appendages more than eight in number, borne 
by the s^ments of the thorax, and usually of the abdomen also. 

2. Arachnida. — Respiration aerial, by pulmonary sacs, by air-tubes 
(tracheae), or by the general surface of the body ; head and thorax 
amalgamated ; antennae (as such) absent; legs eight; abdomen without 
jointed appendages. 

3. Myriapoda. — Respiration by air-tubes (tracheae) ; head distinct ; 
remainder of the body composed of nearly similar segments ; one pair 
of antennae ; legs numerous. 

4« Insecta. — Respiration by air-tubes (tracheae) ; head, thorax, and 
abdomen distinct ; one pair of antennae ; three pairs of legs borne on 
the thorax ; abdomen destitute of limbs ; generally two pairs of wings 
on the thorax. 
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CHAPTER XIV. 
CRUSTACEA. 

Class I. Crustacea. — The members of this class are com- 
monly known as crabs, lobsters, shrimps, prawns, king-crabs, 
barnacles, acorn-shells, wood-lice, &c. They are nearly allied 
to the succeeding class of the Arachnida (spiders and scor- 
pions), but are distinguished by their adaptation to a more or 
less purely aquatic life, by having jointed appendages upon the 
hinder segments of the body (abdomen), and by the possession 
of two pairs of antennae. As a class the Crustacea are distin- 
guished by being usually furnished with branchiae or respira- 
tory organs, adapted for breathing air dissolved in water, by 
having more than four pairs of legs, by having a-well-developed 
chitinous or partially calcareous " crust " or external skeleton, 
by the fact that some of the appendages are generally so modi- 
fied as to act as organs of mastication, and by passing through 
a metamorphosis before attaining their adult condition. 

The body in a typical Crustacean is composed of twenty-one 
(or, according to some writers, twenty) distinct segments or 
somites, placed one behind the other. These segments are 
distributed in three distinct divisions, known respectively as 
the "head," the "thorax" or chest, and the "abdomen" or 
tail, each of which is usually regarded as being composed of 
seven segments. In very many cases, however, the fourteen 
segments belonging to the head and chest are amalgamated to- 
gether into a single mass, which is termed the " cephalothorax," 
thus leaving seven segments to the abdomen. It will be un- 
necessary, however, to dwell here longer upon the structure of 
the Crustacea, as the general morphology of the class will be 
given at somewhat greater length in speaking of the lobster. 
The classification, also, of the Crustacea is so complex that it 
will be as well to pass over the less important orders with no- 
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thing more than a brief notice of their leading characters. It 
has also been thought advisable to invert the usual order here 
adopted, and to commence with the consideration of the highest 
sections of the class first. 

Order Decapoda. — The Crustacea included in this order 
derive their name from the fact that they all possess five pairs 
of legs (Gr. deka, ten ; podes, feet). They belong to a large 
section known as the " stalk-eyed " Crustaceans, from the fact 
that the eyes are supported by long, movable stalks. They 
include the lobsters, shrimps, cray-fish, crabs, hermit-crabs, 
and other forms, and are the most highly organised and most 
familiar of the whole class of the Crustacea, They are divided 
into three very well marked groups or tribes, all of which can 
be exemplified by well-known British species. 

A, Macrura, — The name oi Macrura (Gr. makros, long; and 
oura, tail) is given to those ten-footed Crustaceans which have 
a long and well-developed tail or abdomen. Amongst these 
are the lobster, shrimp, prawn, and cray-fish, of which the lob- 
ster may be selected as a good typical example. 

In the lobster (fig. 77) the body is at once seen to be com- 
posed of two parts, familiarly called the " head " and " tail." 
The so-called head is covered by a great shield termed the 
" carapace " (fig. 77, ca), and it is in reality the cephalothorax, 
being composed of the amalgamated segments which belong to 
the true head and to the thorax. The so-called tail is really 
the abdomen, and it is composed of a number of segments 
which are not immovably united together, as in the cephalo- 
thorax, but are movably jointed together. The various append- 
ages of the animal are arranged in pairs on the under surface 
of the body ; and where the segments are completely amalga- 
mated (as in the cephalothorax), their existence may neverthe- 
less be determined by the presence of the successive pairs of 
appendages. The first segment of the head carries a pair of 
compound eyes, made up of a number of simple lenses aggre- 
gated together, and supported upon long and [movable eye- 
stalks. Behind these come two pairs of jointed organs of 
touch, which are known as the " antennae." The front pair is 
much smaller than the hinder pair, and they are known re- 
spectively as the "lesser antennae," or " antennules," and the 
" great antennae." Behind these, again, comes the n\ow\.Vv, 
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which is placed on the under surface of the head, and is pro- 
vided with a complicated series of masticatory organs. It is 
unnecessary to describe these minutely, but it should be noticed 




that they are all modified limbs, and therefore differ altogether 
from the jaws of the Vertebrate animals. That this is their real 
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nature is shown most obviously in the hindmost pairs of these 
jaws, which are so little altered from ordinary legs that they 
are known as " foot-jaws " (fig. T], 3). The last five segments 
of the thorax carry five pairs of walking-legs, hence the name 
Decapoda applied to the order. Of these legs, the first three 
pairs have their extremities converted into nipping-claws or 
"chelae," and the first pair is much larger than the others, 
and constitutes the well-known great claws of the lobster. 
The last two pairs of legs simply terminate in pointed extremi- 
ties, and not in pincers. The segments of the abdomen, with 
the exception of the hindmost, carry each a pair of paddle-like 
appendages, which are used in swimming, and are called the 
" swimmerets " (fig. ^^^ 2). The last pair of swimmerets are 
attached to the last segment but one, and are very greatly ex- 
panded, so as to form a very powerful tail-fin. The last seg- 
ment of all is known as the "telson" (fig. Tj^ i, /), and is not 
provided with any lateral appendages. 

The mouth in the lobster leads by a short gullet into a globu- 
lar stomach, which is furnished with a calcareous apparatus for 
grinding down the food, commonly called the " lady in the lob- 
ster." The intestine is continued backwards from the stomach 
without convolutions, and opens by a distinct anus placed in 
front of the telson. A well-developed liver is also present. 
The heart is placed dorsaliy, and is filled with aerated blood 
derived from the gills, which it propels through every part of 
the body. The gills, or branchiae (fig. T]^ 3), are pyramidal 
bodies attached to the bases of the legs, and placed in a kind of 
chamber formed beneath the great shield, or carapace, on each 
side of the body. They consist each of a central stem support- 
ing numerous lateral branches, and they are richly supplied 
with blood. The water which fills the gill-chambers is constantly 
renewed by the movements of the legs, and thus the gills are 
kept constantly supplied with fresh water. The nervous system 
is placed along the ventral surface of the body, and has its 
usual form. The organs of sense are the two pairs of feelers 
or antennae, the compound eyes, and two organs of hearing. 

B. Anomura, — The most familiar members of this tribe are 
the hermit-crabs (Paguridce) which occur so commonly on 
every shore. They are distinguished by the fact that the abdo- 
men is quite soft, and is not protected by a chitinous crust. 
The animal, therefore, is compelled to protect the defeucel^s*^ 
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part of the body in some a.rtificial manner, and this it cfTccts 
by appropriating the empty shell of some dead mollusc, such 
as the common periwinkle or whelk. The abdomen is pro- 
vided with special appendages to enable the intruder to retain 
firm hold of his borrowed dwelling, at the same time that 
he can change it at will when too small or otherwise incon- 
venient. The first pair of legs are developed into pretty 
powerful nipping-claws or chelic, and one of them is always 
much laiger than the other, and acts as a kind of plug, block- 
ing up the entrance of the shell when the animal is retracted 
within it 

C. Brachyura. — The decapod Crustaceans included in this 
tribe are familiarly known as crabs, and they derive their name 




Fig. tS.— Bnchyun. The Spiny Sinder-cnb IMida ifKinaday 

of Brackyura (Gr, brachus, short ; and oura, tail) from the 
rudimentary condition of the abdomen. The abdomen, in fact. 
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is not only extrtmely short, but it is always tucked up beneath 
the greatly-developed cephalothorax, so that it is not visible at 
all, except when the animal is looked at from below (fig. 78). 
The crabs are very various in their habits, but they are mostly 
denizens of the shore, hiding beneath stones or sea-weed, in 
cracks of rock, or in pools near the line of low-water. Some of 
them, however, can swim with tolerable activity, and some of 
them (the land-crabs) even live habitually inland. One group, 
that of the " pea-crabs," is distinguished by the singular habit 
of living semi-parasitically within the shells of bivalve molluscs, 
such as the great horse-mussel. 

The young or larval crab is exceedingly unlike the adult, 
and has a long and well-developed abdomen, thus approximat- 
ing to the type of structure 
which is pennanently retained 
in the Macrura. 

Order Stohafoda. — The 
Stomapod Crustaceans are 
nearly allied to the Decapods, 
but they have six or eight 
pairs of legs, and the gills are 
not placed in chambers on the 
under surface of the thorax, 
but are usually suspended be- 
neath the abdomen. They are 
almost all marine, and the 
Locust- Shrimp or Squilla (6g. 
79) may be taken as the type 
of the order. In this Crusta- 
cean the abdomen is well de- 
veloped, and its terminal ap- 
pendages form a broad swim- 
ming-tail. The front pairs of 
legs are hooked, and the gills 

are attached to the first five Fig. 79.-J?i^ili mmitfr, the LucuU. 

pairs of abdominal feet. Shnmp. 

Order Isofoda. — In this order are a number of Crustaceans 
of which some inhabit the sea, others are parasitic in their 
habits, and others are terrestrial. The best known are the 
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eyes are not supported upon 
stalks, and they are therefore 
said to be " sessile -eyed." 
The head is distinct from 
the segment bearing the tirst 
pair of feet The thoracic 
feet are all similar to one 
another, and the b ranch ia: 
are developed on the abdo- 
minal legs. 

Order Amphipoda. — This 
order comprises small Crus- 
taceans, in which the breathing- organs are in the form of mem- 
branous vesicles attached to the bases of the thoracic legs. 
There is a well-developed abdomen, and there are seven pairs 
of thoracic legs, directed partly forwards and partly backwards. 
Good examples are the Sand-hoppers {TalUrus, fig. 76) and the 
" fresh-water Shrimps " (Gammarus). 



Order L«hodipoda. — This order comprises a number of 
small Crustaceans, closely allied to the preceding, but having 
a rudimentary abdomen. They are all inhabitants of the sea, 
and some of them (such as the whale-lice) are parasitic upon 
other animals. 

Order Merostomata. — In this order are only the living 
king-crabs {Limulus), and some large extinct forms nearly 
allied to them. They are all distinguished by the fact that the 
appendages which are placed round the mouth act by their 
bases as jaws, but have their extremities developed into swim- 
ming-paddles, walking-feet, or nipping-claws. 

The King-crabs (fig. 81) constitute a special group called 
Xiphosura (Gr. xiphos, a sword ; and oura, tail), from the fact 
that the end of the abdomen is furnished with a long sword- 
like spine (fig. 81, /). The mouth is surrounded by six pairs of 
appendages, the bases of which are spinous and act as jaws, 
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whilst their free extremities are developed into nipping-claws or 
cheke. The whole of the upper surface of the body is protected 
by a kind of buckler, composed of an anterior stinicircular 




Fig. Si.— Xiphoinra. Llmulm foly- Fig. 8j. — Eurypterida. Plerygolm 

yAiMU. viewnl from tckno. AngticKi. ntLtond. (Aftei H. 

Woodward.) 

shield, and a posterior somewhat hexagonal plate, the under 
surface of which carries branchial plates, whilst the sword-like 
telson is jointed to its hinder margin. The king-crabs attain 
a large sue, and are often called " Molucca crabs" from their 
occurrence in the Moluccas. Both the eggs and the flesh are 
eaten by the Malays. 

Closely allied to the king-crabs is the extinct sub-order of 
the Eurypterida, an example of which is figured above (fig. 82). 
This species is supposed to have attained a length of probably 
six feet, but other forms were very much smaller. 

Order Trilobita. — The Trilobites constitute a wholly 
extinct order of the Crustacea, and deserve a short notice 
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from their great geological importance. They derive their 
name from the fact that the body exhibits a more or less 
conspicuous division into a central and two lateral lobes (fig. 
83). The entire shcl! or crust is composed of an anterior semi- 




circular shield, covering the head (A), a series of movable rings 
constituting the thorax, and a tailpiece composed of amalga- 
mated segments, and representing the abdomen. On the under 
surface of the shell nothing had until lately ever been dis- 
covered except the upper lip, but recently traces of limbs have 
been made out. The cephalic shield usually bears a pair of 
compound eyes, but these are sometimes wanting. It is 
known that most of the Trilohites possessed the power of 
rolling themselves up into a ball, much as our modem wood- 



lice. The Trilobiles are only known as occurring in the older 
rocks of the earth's crust, and they are chiefly characteristic ol 
the period kno>vn to geologists as the " Silurian." 

Order Phyllopoda.— This is a small order comprising a 
number of Crustaceans, which are principally found in inland 
waters, whether fresh or salt, only one form inhabiting the sea. 
These Crustaceans (fig. 84) have numerous feet, never less than 
sixteen in number, ind the feet are mostly expanded and leaf- 




Fig. 84.— Phyllopoda. F«ii 



like, and serve as gills or breathing-organs. The body may be 
naked, or the head and thorax may be covered by a shield, or 
the animal may be enclosed within a bivalved shell. To this 
order belong the curious "brine -shrimps" (Arttmid), which 
are (bund in the brine-pans of salt-works, or in salt lakes. 

Orders Cladocera, Copepoda, and Ostracoda,— These 
orders deserve mention more from the extreme abundance of 
their commoner forms than for any other reason. They include 
a number of minute Crustaceans, most of which are commonly 
called " water - fleas," and abound in fresh waters in Great 
Britain. They are, however, so small that, though visible to 
the naked eye, they can only be satisfactorily examined under 
the microscope. As an example of the Cladocera may be taken 
the "branched-horned water-flea "{Z?u/A«M /«/«*-, fig. 85, b), 
thousands of which may be captured in any pond in summer. 
In this pretty little species the whole body is enclosed in a bi- 
Talre shell, which is so transparent that the whole organisation 
of the animal is clearly visible through it. The head is distinct, 
and carries a single eye. The greater antennas are branched. 
The males are smaller than the females, and much fewer in 
number; and it appears to be a well-established fact that the 
female, when once fertilised by the male, can not only lay eggs 
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for the rest of her life, bit can transmit the power of producing 
fertile ova to her young for several generations. Of the Cope- 
poda one of the commonest is the Cyclops (fig. 85, c), in which 
the cephalothorax is covered by a shield, and there is a well- 
developed abdomen. The female carries on either side a kind 
of pouch or ovisac, in which the eggs remain till they are 
hatched. The little Ostracoda (fig. 85, n), are all minute 




Fil 8s — Fresh-wawr Enlomosiraca. a CyM' Irii-ttriata ; * Dafknia 
puUx: c Cjclopt quadriamit. 

Crustaceans, which occur in both fresh and salt water. They 
are distinguished by the fact that the body is entirely enclosed 
in a shell, which is made up of two lateral halves or valves. 
.The valves of the shell are united by a membrane along the 
back, but can be'opened below, so as to allow of the protrusion 
of the feet. 

Order Cirripedia. — The next order of Crustacea is that of 
the Cirripedia (Lat cirrus, a curl; and pes, foot), comprising 
the so-called barnacles and acorn-shells, both extremely unlike 
Crustaceans to look aL All the Cirripedes are distinguished 
by the fact that, whilst they are quite free when young, and 
very similar to some of the little Crustaceans just described, 
when adult they are immovably fixed by their heads to some 
solid object. In this fixed condition the body and internal 
organs are, in most cases, protected by means of a calcareous 
shell, composed of many pieces, and the only part of the body 
which remains movable is the legs, which are constantly thrust 
out of the shell and again drawn in in quest of food. The 
Cirripedia were formerly described as "muitivalve" shell-iish 
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(Mottmea), owing to their possession of a regular calcareous 
shell. Two distinct types of structure are known amongst the 
Cirripedia (fig. 86), constituting the two families of the barnacles 
{Lepadidtr), and the acorn-shells {BalaHida). 

In the barnacles (fig. 86, b), the anterior end of the body is 
much elongated, and is converted into a kind of stalk, by means 
of which the animal is attached to some solid object, such as a 
rock, a floating log of timber, or even some marine animal. In 
the acom-shells (fig. 86, a) which occur in myriads upon every 
solid object between tide-marks, there is no stalk, but the head 




r«. S6.— arripedia. a Sessile Cimpede {Salama); i Stalkid Cirnpe^ (Ltjn,). 



is firmly cemented to the centre of a membranous or shelly 
plate. The body is enclosed in a limpet-shaped or conical 
shell, composed of several pieces, and having an aperture at its 
summit This opening is closed by a movable lid, and from it 
the animal can protrude its delicate legs or " cirri," which look 
like a "glass hand," and are constantly employed in sweeping 
the water in search of food. 

In accordance with the fixed condition of the adult, almost 
all the Cirripedia are hermaphrodite, possessing both male and 
female organs of reproduction. In some cases, however, males 
exist, but these are much smaller than the females, and quite 
different to them in appearance, and they spend their existence 
within the shell of the female. 

Order Rhizocefhala. — This order comprises certain singu- 
lar Crustaceans, which are related to the Cirripedes, but which 
are attached to the under surface of the abdomen of Crabs and 
Hermit-crabs. The body in these curious forms, when fully 
grown, is like a bag or sac, with no indications of limbs or of 
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segmentation, and attached to its host by means of branched 
root-like processes of attachment, which sink deeply into the 
, tissues of the latter. The 
young, however, have limbs 
and eyes, and swim about 
actively in the water. 

Order Ichthyophthira. 

— This order comprises the 
so-called "Fish-lice," em- 
bracing Crustaceans which 
in their adult condition are 
attached parasitically to the 
skin, eyes, or gills of Fishes. 
In this state, the animal is 
more or less swollen and 
deformed (fig. 87), its limbs 
being often rudimentary, 
and the segmentation of its 
bodyobscuredorlost They 
are firmly tixed, in various 

;r"S,°ii,;;iS'i'srs ■"v. » th=ir hosts, and 




Fig. a?.— FemaJe of Acklhtm Car/rnln 



the figure ihows the real siM. H Abdomen ; the females Carry large 

rfDbc of .nachmeol developed upoi. U-e e^Kmal bagS Of eggS (ovi- 
list pair of Ihoracic liBita ; rJ OvisM. , " , , 

sacs). The young of the 
Fish-lice, however, have well-developed limbs and eyes, and 
lead an active locomotive existence. 
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CHAPTER XV. 

ARACHNIDA. 

Class II. Arachnida. — This class includes the mites, ticks, 
scorpions, and spiders, and, as a whole, is very nearly related 
to the preceding. The Arachnida^ however, are distinguished 
from the Crustacea by being adapted in most cases for a strictly 
terrestrial life, so that when any distinct breathing-organs are 
present these are never in the form of gills, but are always either 
pulmonary sacs or air-tubes {Jtrachea), In none of the Arachnida, 
further, are there ever more than/^«r pairs of legs, and the seg- 
ments of the abdomen never carry limbs of any sort. The eyes 
are always sessile, and never supported upon stalks ; if antennae 
exist at all, they are much modified, and the head is always 
amalgamated with the thorax, so as to form a cefihalothorax. 

The integument usually produces chitine more or less abun- 
dantly, so as to constitute a resistant shell ; but in some cases 
the skin remains permanently soft. The mouth is situated in 
the anterior portion of the body, and in the higher forms is fur- 
nished with a pair of prehensile jaws, called " mandibles," a 
pair of chewing-jaws, called " maxillae," and a lower lip. In 
the scorpions an upper lip is present as well. In the true 
spiders each mandible terminates in a sharp movable hook 
(fig. 88, 4), perforated by a canal which communicates with a 
poison-gland situated near its base. By means of this poisonous 
apparatus the spiders kill such animals as they capture. In the 
scorpions (fig. 88, i) the mandibles are short, and terminate 
in strong pincers. In them, too, the maxillae are furnished 
with enormously-developed nipping-claws or chelae.* In all 
the Arachnida the mandibles are believed to correspond to 

* These nipping-daws in the scorpions are produced not hy the maxills them- 
selves, but by two appendages to the maxillae, which are known as "maxillary 

L 



£ of the Crustacea. In the lower Arachnida, such as 
the ticks, the organs of the mouth are modified to enable them 
to imbibe fluids. 
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The mouth in the Arachnida opens into a pharynx, which 
is of extraordinarily small diameter in the true spiders, which 
live simply on the juices of their prey. The intestinal canal is 
usually short and straight, and is continued without convolu- 
tions to the aperture of the anus. Salivary glands are also 
present, as well as ramified tubes which are believed to act as 

The circulation is maintained by means of a dorsal heart, 
which is situated above the alimentary canal. All the Arach- 
nida, except, perhaps, some of the lowest, breathe air directly, 
and the function of respiration is performed by the general sur- 
face of the body (as in the lowest members of the class), or by 
branched air-tubes termed "trachea," or by distinct pulmonary 
chambers or sacs, or, lastly, by a combination of tracheae with 
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pulmonary sacs. The tracheae are essentially similar in struc- 
ture and function to the breathing - tubes of the Afyriafioda 
and Insecta, and consist of tubes, which open on the surface of 
the body by distinct apertures called "spiracles," and ramify 
through the tissues internally. The walls of the tube are pre- 
vented from collapsing by means of a spirally-coiled thread or 
filament of chitine, which is wound round their walls within 
their inner lining. The pulmonary sacs which occur in the 
Arachnida are simple chambers formed by an inversion of the 
skin, which constitutes a number of closely-set plates or folds. 
The whole of the interior of the pulmonary sacs is richly sup- 
plied with blood, and air is admitted by means of minute ex- 
ternal openings (fig. 88, 3). 

The nervous system is of the regular articulate type, but the 
ganglia of the ventral chain are often massed together in par- 
ticular situations. In no case are compound eyes present; and 
when distinct organs of vision exist, these are in the form of 
from two to eight or more simple eyes. 

Orders of the Arachnida. 

Order I. Podosomata. — In this order are included the 
" Sea- spiders," which are wholly marine, and were long be- 
lieved to be referable to the Crustacea on this account. As they 
have no respiratory organs of any kind, the question cannot be 
definitely settled, but they have no more than four pairs of legs, 
and would therefore seem to be properly referable to the Arach- 
nida, In some forms the legs attain an extraordinary length, 
and contain prolongations from the stomach. They are all 
grotesque-looking animals, found at low water upon stones or 
marine plants, or parasitically attached to marine animals. One 
of the commonest forms is figured below (fig. 89, a). 

Order II. Acarina. — The most familiar members of this 
order are the Mites and Ticks (fig. 89, b, c). They are distin- 
guished by the fact that the abdomen is amalgamated with the 
cephalothorax to form a single mass. Respiration is effected 
by the general surface of the body or by air-tubes (tracheae). 

The habits of the mites are extremely varied. Some are 
found upon different plants (fig. 89, b)\ others are parasitic 
upon water-insects when young, but swim about freely v^Vv^w 
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adult (fig. 89^ e); others are permanently parasitic upon other 
animals, sudi as sheep, dogs, insects, &c-; and others inhabit 
decaying prori^ons, as is the case with the well-known "cheese- 




r«.s^. 



mile" {Acarus domesticus). Two species have a considerable 
medical interest as attacking man. One of these causes the 
skin-disease which is known as the " itch," and the other is 
found inhabiting certain glandular follicles of the skin, pro- 
bably without an exception even in favour of the most cleanly 
people. 

Order III. Pedipalpi.— In this family are the most formid- 
able of all the Arachnida — namely, the Scorpions. They are all 




distinguished by the fact that the abdomen is divided into dis- 
tinct segments, and is continued into the cephalothoraic with- 
out any well-marked boundary or constriction. In the true 



scorpions the end of the abdomen (fig. 90) is composed of a 
hooked telson, which is perforated for the duct of a poison- 
gland, situated at its base. It i.s by means of this that the 
scorpions sting; and the poisoin 
sufficiently powerful to render I 
painful, if not positively dan- 
gerous. The mandibles in the 
scorpions, as already said, are 
developed into pincers, and 
the so-called " maxillary palpi " 
constitute powerful nipping- 
claws. The respiratory organs 
are in the form of pulmonary 
sacs, four on each side, opening 
on the under surface of the 
abdomen by as many distinct 
apertures or spiracles (fig. 88, 
3). 

The scorpions live in the 
warmer regions of the tem- 
perate zone and in tropical 
countries, and are generally 
found hiding under stones or 
in the crevices of walls. Their 
sting, though much exagger- 
ated, is certainly capable of 
producing very unpleasant 
symptoms. 1 

Related to the true Scorpions. rfSls' Mwnd'siT"""*"'" '"'""""'■ 
though belonging to a special 

group, are the little "Pseudo-scorpions" or "Book-scorpions" 
(fig. 91, a). These are small Arachnidans, which are commonly 
found among old books, and which look very like Scorpions in 
miniature, this being due to the fact that the maxillary palpi 
are of great size and terminate in pincers. Related to these, 
again, are the "Harvest-men" {Pkalangium, fig. 91, b), which 
are distinguished by the great length and slenderness of their 
legs. 

Order IV. Araneida.— In this order are the true Spiders, 
readily distinguished from the insects, with which tht-j «« 




11. — A, Book-ScorjBon (CAW./(f), 
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popularly confounded, by having four pairs of legs, as well as 
by other characters. In all the true spiders (fig. 92) the seg- 
ments of the thorax and head are united to form a single mass 




Fig. 92. — ^A, The male of the common House-Spider {Tegettaria a'tnUs), consider- 
ably magnified : c Front portion of the body, consisting of the amalgamated 
head and thorax ; / Maxillary palpi ; a Abdomen. B, Front portion of the 
head of the same, showing the eight eyes (y) and the mandibles (»). C, Under 
side of the head and trunk, showing the true jaws (iw), the lower lip (/)> and the 
homy plate to which the legs are attached. D, Diagram of one of the air- 
chambers or breathing-organs. (Figs. A, B, and C are after Blackwall.) 

or cephalothorax, to which the soft and unsegmented abdomen 
is joined by a constricted stalk or neck. Respiration is effected 
by means of pulmonary sacs, usually conjoined with tracheae. 
The pulmonary sacs are two or four in number, and open on 
the surface of the abdomen by as many apertures. The head 
bears from two to eight simple eyes; the mandibles are hooked, 
and carry the duct of a poison-gland ; and the maxillary palpi 
are not developed into nipping-claws. The spiders are all pre- 
daceous and rapacious animals, and many of them possess the 
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power of constructing webs, either for the capture of their prey, 
or simply for lining their habitations. For the production of 
the web, spiders are furnished with special glands situated at 
the extremity of the abdomen. The secretion of these glands 
is a viscid fluid, which hardens rapidly on exposure to air, and 
which is cast into its proper thread-like shape by passing 
through what are called the " spinnerets" (fig. 88, 4, s). These 
are little conical or cylindrical organs placed at the end of 
the abdomen, and perforated by a number of extremely minute 
tubes, throujg^h which the secretion of the gland has to pass 
before reaching the air. Many spiders, however, do not con- 
struct any web, unless it be for their own habitations, but simply 
hunt their prey for themselves. 

The spiders are oviparous, and their young pass through no 
metamorphosis, but they cast their skin or " moult" repeatedly 
before they attain the size of the adult. 
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CHAPTER XVI. 

MYRIAPODA. 

Class III. Myriapoda. — This class is an extremely small one, 
and includes only the Centipedes and the Millipedes. In all 
the Myriapoda the head is distinct, and not amalgamated with 
the thorax. There is no clear boundary-line between the thorax 
and the abdomen, both being composed of nearly similar seg- 
ments. The body (except in the genus Pauropus) always con- 
sists of more than twenty rings, and the hinder segments which 
correspond to the abdomen, always carry locomotive append- 
ages, whereas the abdominal rings in Arachnida and Insecta 
are always destitute of locomotive appendages. One pair of 
antenncB is present, and the number of the legs is always more 
titan eight pairs. Respiration is carried on by branched air- 
tubes or tracheae. 

In most of their characters the Myriapoda closely resemble 
the true insects, with which, indeed, they are not uncommonly 
classed. The true insects, however, always have the head, 
thorax, and abdomen distinct from each other, and have never 
more than three pairs of legs. In most of the Myriapoda the 
young or *' larvae" are more like insects than the adult, since 
they have only three pairs of legs, or are altogether destitute 
of feet. In some cases, however, the young Myriapod, on 
escaping from the ^g%, possesses nearly all the characters of 
the parents, except that the number of body-rings, and conse- 
quently of legs, is smaller, and increases with every change of 
skin ("moult"). The class is divided into two leading families, 
represented by the common Centipedes and Millipedes. 

The Centipedes (fig. 93) are carnivorous in their habits, and 
the organs of the mouth are adapted for a life of rapine. In 
addition to the parts of the mouth proper, they have two pairs 
of '* foot-jaws," of which the second is hooked and perforated 
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for the discharge of a poisonous fluid. The bite of the common 
European species is perfectly harmless to man, but some of 
the tropical forms attain a length of a foot or more, and are 




Fig. 93.— Centipede {Scohpendra). 

consequently able to inflict extremely severe and even danger- 
ous bites. The true centipedes are further distinguished by 
the number of legs not being indefinitely great (usually from 
fifteen to twenty pairs), and by the fact that the antennae are 
composed of not less than fourteen joints each. 

The Millipedes (fig. 94) are repulsive-looking but perfectly 
innocent animals, which feed principally upon decaying vege- 




Fig. 94, — Millipede (/u/us). 

table matter. The body in the ordinary millipedes is rounded 
and worm -like; and the segments are so amalgamated that 
each apparent body-ring gives origin to fwo pairs of minute 
thread-like feet The mouth is destitute of the powerful jaws 
which are found in the centipedes, the legs are indefinitely 
numerous, and the antennae are short, and are composed of no 
more than six or seven joints each. 

The European millipedes are all of small size, but an 
American species is stated to attain a length of more than half 
a foot. 

A third family, under the name of Pauropoda, has been 
established for a curious little creature called Pauropus, In 
this, the body consists of only ten segments, and there are no 
more than nine pairs of legs. The antennae are five-jointed, 
forked, and provided with jointed appendages. There are no 
tracheae, and respiration is carried on by the skin. It is 
very small, and is found inhabiting decayed leaves and damp 
situations. 
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Lastly, a fourth family, termed Onychophara, containing only 
the curious animals of the genus Peripatus, must be admitted, 
provisionally at any rate, amongst the Myriapodeu The species 
of Peripatus are worm-like animals found in moist situations or 
under stones in the West Indies, South Africa, South America, 
and New Zealand. They are so worm-like that they have often 
been placed among the Annelides ; but the recent researches of 
Moseley have shown that the animal breathes by tracheae, so 
that it must be placed in or near the Myriapoda. 
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CHAPTER XVII. 

INSECTA. 

Class IV. Insecta. — The true Insects are distinguished from 
the preceding classes of articulate animals by the fact that the 
three divisions of the body — namely^ the head, thorax, and abdo- 
men — are always distinct from one another; there are never 
more than three pairs of legs in the adult, and these are borne 
upon the thorax; the abdomen is destitute of locotnotive append- 
ages. Respiration is effected by means of air-tubes or tracheae, 
and in most insects two pairs of wings are developed from the 
back of the 'second and third segments of the thorax. 

The integument in insects is more or less hardened by the 
deposition of chitine in it, and the body is deeply cut into seg- 
ments (hence the name Insect, from the Latin insectus, cut 
into). The head in insects (fig. 95, a) is composed of several 
segments amalgamated together, and carries a pair of jointed 
feelers or antennae, a pair of eyes, usually comi>ound, and the 
appendages of the mouth. The thorax in insects {p, c, d) is 
composed of three segments, which are amalgamated together, 
but are generally pretty easily recognised. Each of these seg- 
ments of the thorax carries, in perfect insects, a single pair of 
jointed legs, so that there are three pairs in all. To the back 
of the two hinder segments of the thorax, in most insects, there 
are also attached two pairs of wings. In their typical form the 
wings are membranous expansions, supported by more or less 
numerous hollow tubes, known as the " nervures." One or 
both pairs of wings may be wanting, and when all are present 
the anterior pair may be much modified by the deposition of 
chitine in it. These modifications will be treated of in speak- 
ing of the orders of insects. The abdomen in insects {e) is 
properly composed of eleven segments, which are usually more 
or less freely movable upon one another, and which never carry 
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locomotive limbs, as is so commonly the case in the Crustacea. 
The extremity of the abdomen is, however, often furnished with 
appendages which are primarily connected with reproduction, 
but which are often converted into weapons of offence and 
defence. Of this nature are the " ovipositors " of ichneumons, 
the stings of bees and wasps, and the forceps of the ci 




Fig. 9S--Diasmm ol ihe eir 
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wingi ; i/ThinJ wpntnl qf ihelht 
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The organs of the mouth in insects require a brief considera- 
tion, as being in the closest possible relation with their habits 
and mode of life. Two chief types of mnuth are recognisable 
in insects, termed respectively the "masticatory" and "sucto- 
rial," according as the mouth is fitted for biting and chewing, 
or simply for imbibing fluids. The masticatory mouth is seen 
in perfection in the beetles, in which the following organs are 
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present {fig. 96, i) : I, An upper lip or " labrum " (a), attached 
below the front of the hea.d. z. A pair of biting-jaws {6) or 
"mandibles." 3. A pair of chewing-jaws or "maiillK" (c) pro- 
vided with jointed filaments, called the " maxillary palpi." 4, 
A lower lip or " labium " (rf), which also carries a. pair of jointed 
filajnents, known as the " labial palpi." In the typical suctorial 
mouth, as seen in the butterflies and moths (fig. 96, 3), the fol- 




Fig. gCi—Orsjuu at the mouth in tiuecti. i. Mouth of I 
(bcctleX nprcKnted dLAgraminULCally : a Upper lip or '* labn 
c HuiUa. with their pilpi ; i^ Loiret tip or "labium," withii 
of « butterfly t o £ye I f Bv«e or antenmc ; g Labial palp ; i 
Mouth oT i. hemipleroui iiuect : / Labium i m MaxiUx '. » M. 
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lowing is the arrangement of parts. The upper lip and man- 
dibles are quite rudimentary; the maxillse are greatly lengthened, 
and form a spiral tube fitted for sucking up the juices of flowers; 
and the labial palpi are much developed, and form two hairy 
cushions, between which the trunk can be coiled up when not 
in use. In many insects (fig. 96, 3) the organs of the mouth 
are essentially adapted for suction, but are also fitted for pierc- 
ing solid substances, such as the skin of animals or the stems 
of plants. In these the lower lip forms a kind of sucking-tube 
or sheath, within which are contained the maxillae and mandi- 
bles, which arc modified so as to form piercing organs or lan- 
cets. In the common bee the masticatory and suctorial types 
of mouth are combined. The mandibles or biting-jaws are 
retained, to enable the honeycomb to be manufactured, and 
there is also a tubular trunk fitted for sucking up the juices of 
flowers. In the butterflies, loo, in which the mouth of the 
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adult is strictly adapted for suction, Ihe catetpillar is furnished 
with a masticating mouth, so that it can teed upon leaves, or 
other solid substances. 

The mouth in the masticating insects (fig. 97, a) leads into a 
membranous and often folded cavity, tcnncd the " crop " {i). 
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from which the food passes to a second muscular cavity or 
" gizzard " (c). The gizzard is adapted for crushing the food, 
and often has plates or teeth of chiiine developed in its walls. 
It is succeeded by the true digestive cavity (d), which is termed 
the " chylific stomach." From this there proceeds an intestine 
(/), of variable length, which usually terminates in a chamber 
called the "cloaca" (^), into whicii the ducts of the repro- 
ductive organs open. The commencement of the gullet is 
furnished with glandular appendages, which are believed to 
discharge the functions of salivary glands. Immediately behind 
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the posterior aperture of the stomach are a variable number ot 
caealconvoluted tubes (it), which are known as the "' Malpighian 
vessels," after their discoverer Malpighi, and which have been 
generally looked upon as representing the liver, but which ap- 
pear really to correspond with the kidneys of higher animals. 





The circulation in insects is mainly carried on by a long con- 
tractile lube placed along the back, and termed the "' dorsal 
vessel." The blood collected from the various tissues and 
organs of the body, enters the dorsa! vessel from behind, and 
is driven forwards to the anterior extremity of the body. Res- 
piration is effected by means of air-tubes or trachese (fig, 98), 
which commence at the surface by so many apertures or 
spiracles, and branch repeatedly as they proceed inwards 
through the tissues. They have the same structure as in the 
Arachnida, consisting of membranous tubes strengthened by 
means of a spirally-coiled filament of chitine. The tracheje 
are prolonged into the wings, so that these structures likewise 
n respiration. 
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The nervoos system in insects, thoagh sometimes somewhat 
modified, has cssendaUy the rc^^Iar annnlose form of a Tcntral 
chain of gang^a, traversed in front by the goDet. The organs 
of sense are the eyes and antennae. The eyes are osnally " com- 
poand," and are composed of nomeroos six-sided lenses^ united 
together, and each supplied by a separate nervous filament 
As many as eight thousand of these lenses have been counted 
in one of the eyes of the common cockchafer, and this number 
is sometimes greatly exceeded. Besides these compound eyes 
there are sometimes " simple * eyes, identical in structure with 
the single lenses of the compound eyes ; and in rare cases these 
are the only organs of vision. The feelers or antennae; with 
which all insects are furnished, are jointed filaments attached 
close to the eyes, and assuming very different shapes in diflferent 
insects. They appear to be certainly organs of touch, but they 
very probably minister to other senses as well, and there is 
some reason to suppose that they are connected with the sense 
of hearing in particular. 

The sexes in insects are distinct, and most of them are ovip- 
arous. Generally speaking, the young insect is extremely dif- 
ferent in external character from the adult, and it requires, 
before reaching maturity, to pass through a series of changes 
which collectively constitute what is called the "metamor- 
phosis." In some insects, however, there is no proper meta- 
morphosis, and in some the changes which take place are not 
so complete and striking as in others. By the absence of meta- 
morphosis, or by its completeness when present, insects are 
divided into three convenient, though perhaps not strictly 
natural, sections, as follows : — 

Section I, Ametabolic Insects. — The insects belonging to this 
section are said to be " Ametabolic '* (Gr. a, without ; metabolic 
change), because they pass through no metamorphosis. The 
young, on their escape from the ^%%, resemble the adult in every 
respect, except in size, and they undergo no alteration in reach- 
ing maturity, except that they grow larger. All the insects of 
this section are destitute of wings in the adult state, and they 
are therefore often called " Aptera " (Gr. a, without ; pteron^ a 
wing). 

Section II. Hernvnetabolic Insects. — In the insects belonging 
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to this section (Gr. hemi, half ; and metabolic change), there is a 
metamorphosis consisting of three stages, but these stages do 
not differ much from one another in appearance. The young, 
on escaping from the ^^^g^ is known as the " larva," and it is 
not only much smaller than the adult, but is destitute of wings. 
After several changes of skin, the larva enters into the second 
stage, when it is termed the " pupa." The pupa is active and 
locomotive, and rarely differs much from the larva, except that 
it is bigger, and that rudimentary wings have now appeared on 
the back of the thorax. After a certain period, and after some 
changes of skin, the wings burst from their sheaths, and the 
pupa is now converted into the third and final stage, when it 
is known as the " imago " or perfect insect In all the insects 
belonging to this section — such as grasshoppers, dragon-flies, 
. &c. — ^the second stage or pupa is active and locomotive ; and 
for this reason the metamorphosis is said to be ** incomplete." 

Section III, Holometabolic Insects (Gr. holos, entire ; and 
metctboli^ change). — The insects belonging to this section — such 
as butterflies, moths, and beetles — pass through three stages, 
just as do the preceding, but these stages differ from one another 
T«rymuch.in appearance, and the metamorphosis. is therefore 
said to be "complete" (fig. 99). In these insects the larva is 
worm-like, segmented, and usually furnished with locomotive 
feet, which do not correspond with the three pairs proper to the 
adult (see figs. 109, 1 10), though these are usually present as well. 
The larva is also provided with masticating organs, and eats 
voraciously. In this stage of the metamorphosis, the larvae 
constitute what are popularly known as " caterpillars " or 
"gjubs." Having remained in this condition for a longer or 
shorter time, and having undergone repeated changes of skin, 
necessitated by its rapid growth, the larva passes into the 
second stage, and becomes a pupa (fig. 99— see also fig. 109). 
In this stage the insect remains quiescent, unless irritated, and 
it is very often attached to some foreign object, so as to be quite 
incapable of changing its place. In the case of the butterflies 
and moths, the pupa constitutes what is familiarly known as 
the " chrysalis." The body is protected by a chitinous pellicle, 
and in some cases this is still further protected by the dried 
skin of the larva ; whilst in other cases the lan^a — immediately 
before entering the pupa stage — spins for itself a protective case 

M 
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of silken thready which suirounds the chrysalis, and is known 
as the " cocoon." Having renmned for a variable time in this 
inanimate, quiescent pupa-st^e, during which rapid changes 




— Metumorphons of the Magpi 



(Pialiena gnaitUariala). 



have been going on in the interior of the animal, the insect nov 
frees itself from the envelope which obscured it, and appears a: 
the perfect winged adult or imago. 
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CHAPTER XVIII. 

ORDERS OF INSECTS. 

The known number of insects is so enormous, their forms are 
so various, and their habits and instincts are not only so re- 
markable, but have been so fully described, that it were hope- 
less to attempt here to do more than give the briefest possible 
outline of the leading characters which distinguish the dif- 
ferent orders. The student desirous of further information on 
this head must have recourse to treatises specially devoted to 
entomology. 

Section I. Ametabolic Insects. — Young not passing 
through a metamorphosis, and differing from the adult in size 
only. Perfect insect or imago destitute of wings j eyes simple, 
sometimes wanting. Owing to the fact that the adult ameta- 
bolic insects have no wings, they are often grouped together as 
a common assemblage, under the name of Aptera, 

Order I. Anoplura. — ^The insects comprised in this order 
are parasitic upon man and other animals, and they are com- 
monly known as Lice {Pediculus, fig, 100, a). They are all very 
minute in size, destitute of wings in the adult state, having a 
mouth formed for suction, and having either two simple eyes 
or none. 

Order II. Mallophaga. — These are known as " Bird-lice," 
and are all minute parasites on different birds (fig. 100, b). 
They are distinguished from the true lice by not living upon 
the juices of their host, but upon the more delicate and tender 
appendages of the skin. The mouth is, consequently, not suc- 
torial, but fitted for biting. 
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Okdek IIL Collekboui. — These are .^iteiDiis insects, 
which attach tbemcelvaia foreign bodies by means oT a tmtnl 
Bucforial tube. They are conunonlj called ** Sprii^'taiH' in 
allusion to the iact that the abdomen carries a long forked ^»- 
pendage, which b empIo)'ed as an elastic spring, and which 




.—Types oC Aptcra. A, Prdicului kumaitia capilii, oneof Ihi: Aiofhira; 
e. UKSphma Aamalm, ont of the Bird-lice ; C, Campodta, one ai the Tkyta- 
nura : D, Digarla, one of Itie Pudtiridii ; E, (iiale of a Poduiiil, is seen uniler 
Ihe microKOiw ; V , Dt£etriix putfurascnu. ALL the figures ue^reatlyciiluged. 
< After Fickiid and Gervait) 

enables the insect to effect extensive leaps (fig. loo, d and f). 
The best-known members of the group are the Podura, which 
are generally found in moist dark places in gardens and in 



Order IV. Thysanura, — This order comprises insects such 
as Lepisma and Campodea (fig. loo. c), which are nearly related 
to the preceding, but are distinguished by the possession of a 
masticatory mouth, and by the fact that the bristles which ter- 
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minate the abdomen do not form a " spring.** The body is 
often covered with delicate scales, which are shown under the 
microscope to be beautifully marked and striated. 

Section II. Hemimetabolic IvsECTS-^Metamorfihosis in- 
compute; the larva differing from the perfect insect chiefly in 
the absence of wings and in size; pupa usually active^ or, if 
guiescentt capcAle of movement* 

Order V. Hemiptera.— In this order the mouth is formed 
for suction (fig. 96, 3) ; the eyes are compound, but simple eyes 
are often present in addition. Two pairs of wings are always 
present. 





Fig. zoz. — Hemiptera. Bean Aphis (Aphis/aba) ; winged male and 

wingless female. 

The Hemiptera live upon the juices of plants or animals, 
which they are enabled to obtain by means of their suctorial 
mouths. All the four wings are present, but the condition of 
these varies in different sections of the order. In one group 
all the four wings are membranous (fig. loi) ; but in the other 
the posterior wings and the tips of the anterior wings alone are 
membranous. The inner portions of the anterior wings are 
hardened by chitine (fig. 102), and they are known as "heme- 
lytra ** (Gr. hemi, half ; and elutron, a sheath). Amongst the 
more familiar examples of the Hemiptera are the numerous 
species of Plant-lice {Aphides), the Field-bug {Pentatomct), the 
Boat-fly, the Nepa or Water-scorpion (fig. 102), the Cochineal 
insects, and the Cicadas. 

The Cochineal insects are of considerable commercial 
importance, as the dried and powdered bodies of the female 
constitute the substance known as Cochineal, from which. \^ 
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obtained the brilliant pigment carmine. The male insect is 

winged, and is smaller than the female, which is wingless. 

They live upon different species of Cactus {Ofuntid^ and are 

mainly imported from Mexico, Algeria, 
and the Canary Islands. 

Numerous species oi Aphides or Plant- 
lice (fig. loi)* are known, and they are 
among the greatest pests of the gardener 
and farmer, as they are extraordinarily 
prolific, and live upon the juices of plants. 
One of the most curious points about the 
Plant-lice is that they secrete a sweet and 
sticky fluid, which is expelled from the 
body by two little tubular filaments placed 
near the end of the abdomen. Ants are 
excessively fond of this fluid, and hunt 
after Aphides in all directions in order to 

Y\g.ro2.-Kepacifurea^c obtain it; and it is a well-established fact 

•* waler-scorpioo, show- , , ~,, ,. „ , • 

ing the semimembranous that the Plant-lice are actually pleased 
anterior wings ("heme- with this, and voluntarily yield up the cov- 
^^^^ ^ eted fluid to the importunity of the ants. 

Order VI. Orthoptera. — The mouth in this order is strictly 
masticatory; there are four wing^ present, but the anterior pair 
are smaller than the posterior, and of a different texture. The 
posterior wings are membranous and are folded lengthwise, like 
a fan ; the anterior wings are leathery, and constitute cases for 
the posterior wings (elytra). This order includes the Crickets 
(Achetida), Grasshoppers (Acridiida), Locusts {Locustida), 
Cockroaches (BlaitidcB, fig. 103), and others. Some of them 
are formed for running, all the legs being nearly equal in size ; 
others have the first pair of legs greatly developed, and con- 
stituting powerful organs of prehension ; whilst others, such as 
the Locusts and Grasshoppers, have the hindmost pair of legs 
much longer than the others, giving them a considerable power 
of leaping. All the Orthoptera are extremely voracious, and 
every one is acquainted with the terrible ravages occasionally 
caused in hot countries by swarms of locusts. 

The most destructive species is the Migratory Locust {CEdi- 
poda migratoria, fig. 104), which is very abundant in Africa, 
India, and throughout the whole of the East. Owing to the 
rapidity with which they devour everything they can possibly 
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eat, and owing to their enormous numbers, the Locusts are 
compelled to be constantly on the move, looking for " fresh 
fields and pastures new." It is from 
these migrations in vast bodies in 
search of food that the Migratory 
Locust takes its name. When one 
of these destructive hosts visits a 
district, it only needs a few hours 
to convert the most fertile country 
into a howling wilderness. In an 
incredibly short space of time every 
green thing on their line of march 
is destroyed, every leaf is stripped 
from every tree, every blade ofgrass 
and corn is eaten down, and it is 
not until the ground is utterly bare 
and brown that the locusts take 
wing and seek out some fresh re- 
gion to devastate. 

Order VII. Neuroptera, — The 
mouth in this order is fitted for 
mastication ; the wings are four in 
number, generally nearly equal in 
size, all membranous, and traversed 
by numerous delicate nervures, 
which interlace so as to form i 
delicate network (fig. 105). Th« 
metamorphosis is generally incom- 
plete, but is sometimes complete. 





Fig. 104.— Tlic M^paloiy Locust ((Edifeda milmlmri}. 

This order includes the well-known and ragacioiis 'DTOHJjti- 
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flies {UheUulida), the Caddis-flies {PkiyganeUa), the May-flies 
(Ephemerida), the Ant-lion {MyrmeUt^, the Aphis-lion (fig. 105), 
Termites, &c The last of these — namely, the Termites or white 




■NeuiDptera, Apbis-lion {Chrynifa feria), LmBgo, larva, and eggs> 



ants (fig. 106) — are social insects, living in organised ci 

ties, and exhibiting many remarkable phenomena. They are 

mostly inhabitants of hot countries, and cause immense mischief 
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i Queen, with ihc ibdomen disUnded wiih cgE9 ; c Worker ; d Soldier. 

by destroying wood-work of all descriptions. Though called 
" white ants," it is to be remembered that they are not related 
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in any way to the true ants. They build mounds of different 
shapes and sizes, sometimes several feet in height, formed of 
" particles of earth worked into a material as hard as stone.'* 
Each family of Termites possesses a king and queen, which 
are always kept together closely guarded in a chamber placed 
in the centre of the nest. Both are without wings and are 
much larger than the bulk of the community, the queen im- 
mensely so, owing to the enormous distension of her abdo- 
men with egg^ The ordinary Termites are all sexless, inca- 
pable of laying eggs, and they are divided into two distinct 
sets or " castes," both destitute of wings, and differing in the 
armature of the head. The one caste includes the so-called 
" workers," who perform all the ordinary work of the colony, 
whilst the " soldiers " have greatly - developed jaws, and are 
simply occupied in defending the nest against all enemies. 

Section III. Holometabola. — Metamorphosis completes 
the larva^ pupa, and imago differing greatly from one another 
in external appearance. The larva worm- like, and the pupa 
quiescent. 

Order VIII. Aphaniptera.— In this order are only the Fleas 
{Pulicidce), in which the mouth is suctorial, the metamorphosis 
is complete, and the wings are rudimentarj', being represented 




Fig. X07.— a. The common Flea {Pulex irritans) ; B, Larva of the same ; C, Pupa 
of the same. All the figures are greatly magnified. (After Westwood.) 

by four minute scales placed on the last two segments of the 
thorax. The larva of the common flea is a footless grub, which 
in about twelve days spins a cocoon for itself, and becomes 
a quiescent pupa, from which the imago emerges in about a 
fortnight more. 
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Order IX. Diptera. — ^The insects of this order, as implied 
by its name, have only a single pair of wings — namely, the 
anterior pair. The posterior wings are rudimentary, and are 
represented by two clubbed filaments called "balancers'* or 
"poisers" (fig. io8). The mouth in the Diptera is suctorial 
It consists of a tubular lower lip, enclosing the other parts of 
the mouth, and placed on the under surface of the head. The 
antennae are generally small and three - jointed, sometimes 
many-jointed, sometimes feathery. The metamorphosis is com- 
plete, the larva being usually a soft fleshy grub, with an indis- 
tinct head, and generally destitute of legs. 




Fig. xo8. — Diptera. Crane-fly {Tipula oleracea). 

The Diptera constitute one of the largest orders of insects ; 
the House-flies and Flesh-flies {Mused), the Gnats {Culex), the 
Crane-flies {Tipula), the Forest-flies {Hippobosca), and the Gad- 
flies (Tabanidce) constituting good examples. 

Order X. Lepidoptera.— This well-known and most 
beautiful of all the orders of insects comprises the Butterflies 
and Moths, the former being active by day {diurnal), and the 
latter mostly towards twilight {crepuscular), or at night {noc- 
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htmal). In all the Lepidoptera the mouth of the adult insect 
is purdly suctorial, and is provided with a spiral trunk fitted for 
imbibing the juices of flowers. The wings are four in number, 
and are covered more or less completely with modified hairs or 
scales, which are pretty objects uTtder the microscope, and from 
which the wings derive their beautiful colours. The larvae of 
the lepidoptera (fig. 109) are generalty known as caterpillars. 




They are worm-like, provided with masticatory organs fitted for 
dividing solid substances, possessing false legs in addition to 
the three pairs proper to the adult, and having attached to the 
under lip a tubular organ or spinneret, by which silken threads 
can be manufactured. 

The butterflies of Diurnal Lepidoptera are characterised by 
being active during the day-time, by keeping their wings mostly 
erect when at rest (fig. 109, jr), by generally having club-shaped 
antennae, and by having a chrysalis (j), which is almost always 
naked and angular, and is generally attached to some solid ob- 
ject by silken threads variously disposed. 
. The Moths (fig. no) are mostly active during the night-time. 
when ihey are said to be " nocturnal." Many of them, however, 
are "crepuscular" — that is to say, they are active during the 
hours of twilight; and a few come out in broad daylight and 



in the brighaat aanahine. The popee or cfaryslides aic never 
aagolar, as in the case of the bntterfi e a. 




Fig, 1JQ, — GoM'Idath {CoitHt Ugniptrdtt) and caterjullaT- 

In the Crepuscular Lepidoptera, including those forms which 
are active during the twilight, the antennse are usually fusiform, 
or grow gradually thicker from the base to the apex ; the wings 
are horizontal or little inclined when the insect is at rest ; the 
posterior wings have their front margins furnished with a rigid 
spine ("retinaculum") which is received into a hook on the 
under surface of the anterior wings; and the pupae are never 
angular. 

The Nocturnal Lepidoptera have the antennae setaceous, or 
diminishing gradually from the base to the apex, often serrated 
or pectinated (fig. no); the wings in repose are horizontal or 
dedexed, and the hind-wings are furnished with a " retinacu- 
lum," as in the preceding section ; the pupae are mostly smooth, 
sometimes spiny, and often enclosed in a cocoon. 

Order XI. Hymenoptera.— In thisorderall the four wings 
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are present, as a rule, and they are all membranous in texture, 
with few nervures (fig. iii). The mouth is always furnished 
with biting-jaws or mandibles, but often is adapted for suction 
as well. The females have the extremity of the abdomen fur- 
nished with an instrument connected with the process of laying 
eggs (ovipositor); and in very many cases this becomes the 
powerful defensive weapon known as the sting. The metamor- 
phosis is complete. 

The Hytnenaptera form a very extensive order, comprising 
the Bees {Aptdce), the Wasps {yespidcB)^ the Ants {Formicida), 
the Saw-flies {Tenthredinidat fig. iii), the Ichneumons, and 





Fig. XIX.— Gooseberry Saw-fly {Tenthredo grossuiarite), 
larva, pupa, and imago. 

many other forms. The bees, wasps, and ants are well known 
as forming social communities, though solitary members of the 
two former families are very common. 

In both groups these organised communities consist of a 
vast number of undeveloped females, or ** neuters" — ^the so- 
called " workers '*— presided over by a single fertile female, or 
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** queen,'' or containing 'sercral sach. The males are only 
prodaccd at certain sfasons and thcj consdtnte tlic so-called 
''dfones'* of a hive of bee& The workers dtsdiaige all the 
duties necessary for the presenration of the colcmy, sach as 
procuring food, building the nests, and feedii^ the young. As 
there is only one set, or ** caste,** of neuters, the duty of defend* 
ing the nest falls to the lot of all the workers, and is not dele- 
gated to a q>ecial class of soldiers. The queen is the founder 
of the colony, and her sole function, after starting the com- 
munity, is to lay eggs. The drones, or males, do no work, as 
a rule, and they either die, or are killed by the workers, as soon 
as the female is fertilised. 

The Ants likewise form communities, consisting of males, 
females, and neuters. The males and females, like those of the 
very different "White Ants,** or Termites, are winged (fig. 112, 





Fig. 112.— The Red Ant {Myrmica ru/a). a Winged male ; 
b Wingless female. Magnified. 

a\ and are produced in great numbers at particular times of 
the year. They then quit the nest and pair, after which the 
fecundated females lose their wings and form fresh societies. 
The workers (fig. 112, b) are sometimes all of one kind, but 
they are often divided into two, or even three, distinct classes 
or " castes." The Ants exhibit many most extraordinary and 
interesting instincts and habits, of which their custom of 
"milking" the little Plant-lice has been already mentioned. 
Another very singular habit of some Ants may be just alluded 
to — their habit, namely, of capturing the pupae of other species 
of Ants and bringing them up as slaves. The relations, how- 
ever, between the masters and slaves vary a good deal in 
different cases. In the case, for instance, of the Russet Ant 
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Formica ru/esans) the masteis are so entirety dependent upon 
their slfives that they cannot even feed themselves, and the only 
work which they perfonn unassisted is the capturing of fresh 
slaves. In the Blood-red Ant {Formica sanguinea), on the 
other hand, the slaves axe much fewer in number, and the 
masters are much less dependent upon their good offices. In 
all cases, the slaves exhibit the greatest devotion to their 
masters, and are invariably taken the greatest care of by their 
captors. 

Order XIl. Strepsiptera.— This is an extremely small 
order of insects, which merely requires to be mentioned. It 
includes only certain minute parasites, which are found on bees 
and other HymenopUra. The females are destitute of wings or 
feet, and are merely soft worm-like grubs. The males (fig. 113) 
are active, and possess a single pair of large membranous wings. 
Unlike the DipUra, it is the posterior pair of wings which is 




F^' i^S- — Strepsiptera. Styleps S^ettcii^ greatly ma^ified (after Wettwood). 

present, and the anterior pair is quite rudimentary, and is only 
represented by curious twisted filaments, from which the name 
of the order is derived. 

Order XIII. Coleoptera. — The twelfth and last order of 
insects is that of the Coleoptera, including the well-known 
insects familiar to every one under the name of "beetles." 
The leading peculiarity of the Coleoptera is to be found in 
the fact, that though all the four wings are present, only the 
posterior pair are membranous, and perfonn the function of 
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The anterior pair rf wings (figs. 114,115} aic no longer 
of being used in Sight, bat are Eiaidcned by the deposi- 
tion of chitin^ and cwistitale piotectiTe 
cases; which cover the hind-wings and are 
known as "eljTra" (Gr. ebttron, a sheath). 
The mouth in ail the beetles b masticatDiy, 
and is furnished with biting and chewing 

The lanrx of the beetles are all wonn~ 
like grubs, with masticatory mouths, and 
they all pass through a complete metamor- 
phosis, generall)- requiring a protracted 
period for its completion. The known 
number of different kinds of beetles cannot 
be estimated with any certainty, but over 
80,000 species have been described. They 
are, as a general rule, remarkable for their 
hard chitinous skin, their glittering, often 
Cd«imra. metallic, colours, and their voracious habits, 
though many irf them feed upon vegetable 




Of the enormous number of known Beetles, the only one 
which can be said to be of any decided use to man is the so- 
called "Blister-beetle," or " Spanish Fly" {Cantharis vesicaioria). 




This handsome insect is a native of Southern Europe, especially 
of Italy, Spain, and France, and lives upon the leaves of the 
ash, lilac, elder, and poplar. It is largely collected and exported 
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for medicinal purposes, as it yields one of the most generally 
used and efficient of blisters. 



Tabular View of the Divisions of the Annulosa. 

Division A. Anarthropoda. — Locomotive appendages not dis- 
tinctly jointed or articulated to the body. 

Class I. Gephyrea. — Ex. Spoon- worms (Sipuncolus). 

Class II. Annelida. 

Order a. Himdinea, — Ex, Leeches (Hirudo). 

Order b, Oligpchata, — Ex, EUuth-worms (Lumbricus). 

Order c, Tubicola, — Ex, Tube-worms (Serpula). 

Order d. Errantia, — Ex, Sand- worms (Nereis). 

Class III. CHiETOONATHA.— ^jr. Sagitta. 

Division B. Arthropoda. — Locomotive appendages jointed to 
the body. 

Class I. Crustacea. 

Orders. Ichthyophthira, — Ex, Lemaea. 
Order b, RhizocephcUa, — Ex, Sacculina. 
Orders. Cirripedia, — Ex, Acorn-shells (Balanus). 
Orders/. Ostracoda, — Ex, Cypris. 
Orders. Copepoda, — Ex, Cyclops. 
Order ^ Cladocera, — Ex, Daphnia. 
Order ^. PhyUopoda, — Ex, Apus. 
Orders TriiobUa, — Ex, Angelina. 

Order i, Merostontaia, — Ex, King-crabs (Limulus), Eurypterida. 
Order/. Lcnnodipoda, — Ex, Whale-louse (Cyamus). 
Order k, Isopoda, — Ex, Wood-lice (Oniscus). 
Order U Atnphipoda, — Ex, Sandhopper (Talitrus). 
Order m, Stomapoda, — Ex, Locust-shrimp (Squilla). 
Order n, Decapoda, — Ex, Lobster (Homarus), Hermit - crabs 
(Pagurus), Crabs (Cancer) . 

Class II. Arachnida. 

Order a, Podosomata, — Ex, Sea-spiders (Pycnogonum). 
Order b. Monomerosomata, — Ex, Mites (Acarida). 
Orders. Adelarthrosomata, — Ex, Harvest-spiders. 
Order d, Pedipalpi, — Ex, Scorpions (Scorpio). 
Order e. Araneida, — Ex, House-spiders (Tegenaria). 

N 
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Class III. Myriapoda. 

\ Orders. Chilopoda, — ^x. Centipedes (Scolopendra). 
Order b. ChUognatha. — Ex. Millipedes (lulus). 
Orders. Pauropoda, — Ex. Pauropus. 
Orders/. Onychophora, — Ex. Peripatns. 

Class IV. Insecta. 

Order a. Anoplura. — Ex. Lice (Pediculus). 
Order ^. MdUophaga. — Ex. Bird-lice. 
Order c. Collembola. — Ex, Spring-tails (Podura). 
Orders/. Thysanura — Ex. Lepisma. 
Order e, Hemiptera. — Ex. Plant-lice (Aphides). 
Order yi Orthoptera. — Ex. Cockroaches (Blattina). 
Order ^. Neuroptera, — Ex. Dragon-flies (Libellulidse). 
Order h. Aphaniptera. — Ex. Fleas (Pulex). 
Order /. Diptera. — Ex. House-flies (Musca). 
Order/ Lepidoptera, — Ex. Butterflies and Moths. 
Order k. Hymenoptera, — Ex. Bees and Wasps. 
Order /. Strepsiptera. — Ex. Stylops. 

Order m. Coleoptera. — Ex. Cockchafers (Melolontha), Stag-beetles 
(Lucanus), Weevils (Curculio). 
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SUB-KINGDOM V. MOLLUSCA. 

CHAPTER XIX. 

Sub-kingdom Mollusca. — The Mollusca (Lat mollis, soft), 
as implied by their scientific name, are mostly soft-bodied 
animals ; but their popular name of " shell-fish " expresses the 
fact that their soft body is usually protected by an external 
skeleton or "shell" All the Mollusca are furnished with a 
distinct alimentary canal, which is completely shut off from the 
general cavity of the body (fig. 116, d). There is sometimes no 
distinct blood-circulatory apparatus ; but when there is, its cen- 
tral portion (/.^., the heart) is placed upon the dorsal aspect of 




/ 

Fig. 1x6. — Diagram of a Mollusc a Alimentary canal ; h Heart \/ Foot ; n Cere 
bral ganglion ; »' Pedal ganglion ; nl' Parieto-splanchnic ganglion. 

the body. The chief peculiarity, however, of the Mollusca is 
found in the nature of the nervous system. In the lower forms 
(fig. 120, 2, d)^ the nervous system consists essentially of a single 
ganglionic mass, giving off filaments in various directions. In 
the higher Mollusca (fig. 116, n\ the nervous system consists of 
three scattered ganglia, united to one another by nervous cords. 
One of these ganglia is placed above the gullet or oesophagus, 
and is known as the " supra-oesophageal ** or " cerebral " gan- 
glion. A second supplies nerves to the great locomotive organ 
of most Molluscs, the "foot," and is therefore called the 
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" pedal " ganglion. The third is known by the cambrous name 
of the "parieto-splanchnic" ganglion, because it supplies ner- 
vous filaments to the viaW^i^arietes) of the body, and also to 
the internal organs [splancknd). In all the higher Molluscs it 
is this scattered condition of the nervous masses which distin- 
guishes them so sharply from all other animals. Distinct res- 
piratory organs may or may not be present, and they may 
be adapted for breathing air directly or through the medium 
of water. All the higher Motlusca are simple animals, and 




perpetuate their kind by means of the sexes ; but many of the 
lower forms have the power of producing colonies by continu- 
ous gemmation, much as we have formerly seen in the Hydroid 
Zoophytes. 

The digestive system in all the Mollusca consists of a mouth, 
gullet, stomach, intestine, and anus (fig. 1 17), with the exception 
of a few forms in which the intestine ends blindly. In some the 
mouth is surrounded by ciliated tentacles {Polyeoa, fig. 120); in 
others it is furnished with two long ciliated arms {BrcKhiopoiia, 
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fig. ii8); in the h\va!tv^{Lamellibraiu:hiatd^ it is mostly fur- 
nished witli four membranous processes or " palpi " (fig. 125, p) ; 
in others it is furnished with a complicated toothed organ or 




" odontophore " {Goiteropoda, fig. 128, and Pteropoda); and 
lastly, the Cephalopoda, in addition to an odontophore, possess 
homy mandibles, forming a kind of beak, very like that of a 

The blood is colourless, or nearly so. In the lowest class of 
the Mollusca {Polyzod) the circulation is carried on by means 
of cilia, and there is no distinct heart nor any detinite course of 
the circulating fluid. In the sea-squirts {Tunicatd) there is a 
distinct heart, but the structure of this is very simple, consisting 
of a mere tube, open at both ends, so that the course of the cir- 
culation is periodically reversed. In the higher Mollusca there 
is a distinct heart, consisting of two chambers, of which one 
■ (the auricle) receives the aerated blood from the gills, whilst 
the other {the ventricle) drives it through the body. 

Respiration is very variously effected amongst the Mollusca. 
In the Polyzoa (lig. 121) respiration is discharged mainly by 
the crown of ciliated tentacles surrounding the mouth. In 
the sea-squirts (fig. 122) respiration is effected by a greatly- 
developed pharynx, which is perforated by numerous ciliated 
apertures. In the lamp-shells and their allies {Braehiopoda, 
fig. 118) the long ciliated arms which spring from the sides of 
the mouth seem to be the main agents in respiration. In the 
Bivalve shell-fish, the cuttle-fishes, and most of the Univalves, 
the breathing-organs are in the form of gills or branchiae, 
adapted for breathing air dissolved in water. In the remainder 
of die Univalves {e.g., snails and slugs) the breathing-organs 
are adapted for breathing air directly, and have the form of an 
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air-chamber or pulmonary sac, produced by the folding of a 
portion of the mantle. The air is admitted to the chamber by 
a round opening situated on the side of the neck, and capable 
of being closed at will. The lining membrane of the chamber 
is richly supplied with blood-vessels, and thus the necessary 
purification of the blood is carried out. 

In accordance with the scattered or rudimentary condition 
of the nervous system, the Mollusca are not characterised by 
acuteness of senses, nor by any great power of locomotion. 
Organs of sight exist in some of the lower and many of the 
higher Mollusca, attaining in the cuttle-fishes (fig. 136) an 
extremely high type of organisation. The common Bivalve 
shell-fish, such as the scallop, possess numerous simple eyes 
placed along the margins of the mantle, but in many cases 
even these are absent. Locomotion is very variously effected, 
but seldom with much vigour or activity. The lowest classes 
of the Mollusca are in the great majority of instances fixed 
when adult. The common Univalve shell-fish, such as whelks, 
snails, slugs, &c., creep about slowly by means of a flattened 
disc, developed on the under surface Of the body, and known 
as the "foot." Other Univalves and many Bivalves can effect 
short leaps by means of the foot ; but many of the latter are 
permanently fixed to solid objects, or buried in the sand. The 
minute Mollusca, known as the Pteropoda (fig. 134), swim 
freely at the surface of the ocean by means of two fins, formed 
by a modification of the foot, and attached to the sides of the 
head. The only Molluscs which enjoy really active powers of 
locomotion are the predaceous cuttle-fishes, which swim rapidly 
by means of fins, or by ejecting a jet of water from the cavity 
of the mantle, ^nd which can also creep about by means of the 
"arms" placed round the mouth (fig. 136). 

The last feature in the Mollusca which requires to be men- 
tioned is the " shell." The shell is not invariably and univer- 
sally present in the Mollusca, many being either destitute of a 
shell altogether, or having one so small that it would not com- 
monly be recognised as such. In these cases, as in the common 
slugs, the animal is said to be " naked." In all the Mollusca 
which possess a shell, this is secreted by the integument, or by 
what is technically called the mantle ; and in all cases it is 
composed of carbonate of lime. The methods in which the 
lime is arranged differ in different cases ; but all living shells 
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have an outer covering of animal matter, which is known as the 
•* epidermis." In a great many of the higher Mollusca^ such as 
the whelks, periwinkles, snails, and others, the shell consists of 
only a single piece, when it is said to be " univalve." In many 
others, such as oysters, mussels, scallops, &c., the shell is com- 
posed of two pieces, and is then said to be "bivalve." In a 
few forms the shell consists of several pieces, and it is then 
said to be " multivalve." The more important variations in the 
shells of the Mollusca will be noticed in speaking of the differ- 
ent classes of the sub-kingdom. 

In accordance with the nature of the nervous system, the 
Mollusca are divided into two gpreat divisions, known respec- 
tively as the Molluscoida and Mollusca proper. In the Mollus- 
cotda the nervous system consists of a single ganglion, or 
principal pair of ganglia, and there is either no circulatory 
organ or an imperfect heart In this division are included the 
three classes of the Sea-mosses {Poly2oa\ the Sea-squirts {Tuni- 
cata), and the Lamp-shells and their allies {Brachiopoda), In 
the Mollusca proper the nervous system consists of three prin- 
cipal pairs of ganglia, and there is a well-developed heart, 
consisting of at least two chambers. . Under this head come all 
the ordinary forms of shell-fish. 
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CHAPTER XX. 
MOLLUSCOIDA. 



Class I. Polyzoa. — The members of this class are the lowest 
of all the Mollusca, and they are generally known by the popu- 




lar names of " Sea-mosses" and " Sea-mats." They are invari- 
ably compound, forming associated growths or colonies, often 
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more or less plant-like in form (fig. 1 19), each consisting ot a 
number of distinct but similar zoiiids. produced by gemmation 
from a single primordial individual. The colonies thus pro- 
duced are very generally protected by a homy or chitinous 
integument, and they are so like the Hydtoid Zoophytes that 
they were long described as such. The only absolute distinc- 
tion between the two classes is to be found in the internal 
structure of the zooids of each ; but they may be generally 
separated by the fact that the separate cells in a compound 
Hydroid are all united to one another by means of a common 
flesh or ctenosarc ; whereas in the Polytoa the separate cells 
composing the colony are merely connected externally, but 
very rarely have any direct communication with each other. 
The separate beings or zooids which collectively constitute the 
colony of any /'f/j'^coW are spoken of as "polypides" — the term 




tig, isg.— Mwi^uilDgy of Folyioa. i. FngmcnloloneottheSu-niiB (^Au^m 
trvMe at ^ magnilicd to thaw the ctlla. a. Diagnm of a ^ingte polypide of % 
I>(JyiDaD<aftwAI[insui): a Mouth suiraundcd by the ciliued lentaclej; «AIi- 
mfintaiy ouud ; t Anus; d Nervous ganglion; * Investing sac or*'ectocyBtj" 
_fy SeprDddCtin organi \ g Muscle, i- BirdVbead pro[:eB9. 

polypite being only used in connection with the Hydrossoa, and 
the XKim.folype being similarly restricted to the Actinoxoa, 

Each polypide in a typical Paiygoon has the following struc- 
ture (fig. 1 30k 2): The body of the animal is enclosed in a 
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double-walled sac, of which the outer layer is usually chitinous 
or calcareous, and constitutes a ** cell " in which the zooid is 
contained. This outer layer is known as the "ectocyst," to 
distinguish it from the ectoderm of the Ccelenteraia, The cell, 
thus formed, is lined by a much more delicate membranous 
layer, which is known as the ** endocyst." This membranous 
sac, formed by the endocyst, is pierced by two openings. One 
of these is the mouth, and it is always surrounded by a circle 
or crescent of hollow ciliated processes or tentacles (fig. 120, 
2, a). These ciliated tentacles serve partly as respiratory organs, 
and partly to set up a current of water by which floating par- 
ticles of food are brought to the mouth. The mouth and 
tentacular crown can be partially or completely pulled into 
the sac by means of a muscle which is fixed to the gullet 
(2, g). The mouth leads into a gullet, and that again into a 
stomach, sometimes with a muscular gizzard between. From 
the stomach proceeds an intestine of variable length, which 
terminates by a distinct anus at the upper part of the sac (2, c). 
On one side of the gullet, between it and the anus, is placed a 
single nervous ganglion {d). Distinct reproductive organs {//) 
are also present, and the whole cavity of the sac is filled with 
fluid. From the above description it will be evident that the 
typical polypi de of a Polyzoon differs from the polypite of a 
Hydrozoon in having a distinct alimentary canal suspended 
freely in a body-cavity, and having both a mouth and vent, in 
having a distinct nervous system, and in having the reproduc- 
tive organs contained in the body. On the other hand, in the 
Hydrozoa, there is no alimentary canal distinct from the body- 
cavity, there is no nervous system, and the reproductive organs 
are in the form of external processes of the body-wall. 

The foregoing gives the essential structure of the polypide 
of any Polyzoon, but in nature this simplicity is lost. In all 
cases in nature the primitive polypide possesses the powet of 
producing fresh zooids by a process of budding; and these 
zooids remain attached to one another, so that ultimately there 
is produced a compound growth or colony. Further, in almost 
all the Po lyzoa, i\it ectocyst or outer layer of the polypide is 
more or less hardened by the deposition in it of chitine or of 
carbonate of lime. The skeletons thus formed are the parts of 
the colony which are most familiarly known, and in the case 
of the common sea-mats (fig. 119), they are very well known 
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to seaside visitors, and are generally regarded as sea-weeds. 
Examined in its dead state, such a skeleton only shows a 
number of little horny chambers or cells (fig. 120, i), each with 
a little aperture. When alive, however, each of these cells was 
tenanted by a single zooid or polypide, capable of protruding 
its ciliated head from the aperture, and of again retiring within 
it, if alarmed. The skeleton is, in some cases, furnished with 
curious organs, which are known as " bird's-head processes " 
(fig. 120, 3), from their resemblance to the beak of a bird. The 
parts of this beak keep constantly snapping together, very much 
like the little pincer-like organs called " pedicellariae " in the 
sea-urchins and star-fishes ; but it is difficult to see what ser- 
vice they perform. They continue their movements long after 
the death of the polypides, and this appears, in some cases, 
at any rate, to be due to a peculiar system of nerves known 
as the "colonial" nervous system. In addition, namely, to 
the single ganglion with which each polypide is furnished, it 
has been shown that, in many forms, the zooids composing 
the colony are united together by a well-developed nervous 
system, and are thus brought into organic connection with 
one another. 

The vast majority of the Polyzoa are fixed, and thus assume 
a very plant-like appearance. There is one fresh-water species, 
however (viz., Cristatella), in which the colony can creep about 
upon a flattened base very like the foot of a slug. In this 
same form, also, alone of all the Polyzoa^ there is not any outer 
covering or ectocyst to the polypides. 

The Polyzoa are partly inhabitants of the sea and partly of 
fresh water, and they are thus divided into two groups which, as 
a general rule, differ from one another very much in anatomical 
structure. In most of the fresh-water Polyzoa the tentacles are 
borne upon a crescentic disc or stage (fig. 121, 3), so that the 
crown of tentacles assumes the shape of a horse -shoe. In 
almost all the marine forms, on the other hand, the tentacles 
(fig. 121, 2) are simply arranged in a circle. 

All the Polyzoa are hermaphrodite, each polypide being fur- 
nished with the reproductive organs proper to the two sexes. 
The eggfs are simply liberated into the perivisceral cavity, where 
they are fertilised ; but it is uncertain how the fertilised ova 
escape into the external medium. Besides true sexual repro- 
duction, and besides the power of producing colonies by con- 
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tinuous budding, fresh individuals can be produced i 
cases by a process of discontinuous gemmation. 
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Class II. Tunicata. — The members of this class are not 
uncommonly called Ascidian Molluscs (Gr. askos, a wine-slcin), 

from the resemblance which many of them exhibit in shape to 
a two-necked leather bottle (fig. 122, C). They are popularly 
known as " Sea-squirts," from their power of forcibly ejecting 
water from the orifices of the bottle. Their scientific name, 
again, of Tunicata, is derived from the fact that the body is 
enveloped in a leathery elastic integument, which consists of 
different layers, and which takes the place of a shell. The outer 
covering of the animal is of a gristly or leathery consistence, 
and is known as the " test." It is remarkable for containing a 
considerable proportion of a substance apparentiy identical with 
cellulose, which is one of the most characteristic of all vegetable 
products. The test is lined by a second coat, which is highly 
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muscular, and confers upon the animal its power of contracting 
itself and squirting out water. Of the two necks wliich are 
placed at the anterior end of a ^mple Ascidian (fig. 133, C), one 




and a luigle lystem of the ui 

fimtclual aperture of one of the loOKis. ^, aieiguia MoKAauenat, a iimple 

Awduw. The arrowfi in A and C ihow the diieclioa of the waler-ciirreats. 

is petforated by the aperture of the mouth, whilst the other 
serves as an excretory aperture. These two apertures are 
known respectively as the "oral" or "branchial" and the 
"atrial" apertures. 

The oral aperture (a) is usually furnished with a circle of 
small non-retractile tentacles, and opens into a great chamber 
known by various names, but best as the " respiratory sac." 
This sac occupies the greater part of the cavity of the body 
(fig. 122, A, s), and ha^ its walls perforated by numerous aper- 
tures, the sides of which are ciliated. At the bottom of the 
respiratory sac is a second opening (the mouth of some writers) 
which leads by a short gullet into a capacious stomach (^. 
From the stomach an intestine is continued to terminate by a 
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distinct anus, which does not communicate directly with the 
exterior, but opens into a second great chamber, known as the 
"cloaca" or "atrium" (c). The cloaca, in turn, opens on the 
exterior by the second or atrial aperture in the test {a). These 
two great chambers — namely, the respiratory sac and the cloaca 
— occupy the greater part of the body-cavity, and where their 
walls come into contact, a free communication is established 
between the two by means of the ciliated apertures already 
spoken of as perforating the respiratory sac. The cilia which 
fringe these apertures all work towards the cloaca, and thus a 
constant current of water is caused to set in by the oral aper- 
ture, through the respiratory sac, into the cloaca, and out again 
by the atrial aperture. In this way respiration is effected, the 
walls of the respiratory sac being almost made up of blood- 
vessels. A distinct heart is present in all the Tuntcafa, but 
it has a very simple structure. It consists of a simple tube, 
open at both ends, and not provided with valves. In conse- 
quence of this, the circulation in the majority of Tunicaries 
is periodically reversed, the blood being driven for a certain 
number of contractions in one direction, and then propelled for 
a like period in an opposite direction ; so that " the two ends 
of the heart are alternately arterial and venous." 

The nervous system in the Tunicata consists of a single 
ganglion placed on one side of the oral aperture (fig. 122, A, ti). 

With one or two exceptions all the Tunicata are hermaphro- 
dite, the organs of reproduction being situated in a fold of the 
intestine, and opening into the cloaca. The embryo is usually 
at first free, and swims about by means of a long tail, so that 
it presents considerable resemblance to the tadpole of a frog. 

The Tunicata are all marine, but differ a good deal from one 
another in form. In the so-called "simple" Ascidians the animal 
has the shape figured above (fig. 122, C), and is fixed to some 
solid object by one end of the test In the " social " Ascidians 
the organism consists of a number of zooids, produced by con- 
tinuous budding, and connected together by a common tube, 
through which the blood circulates. In the so-called " com- 
pound " Ascidians (fig. 122, B) the tests are fused together into 
a common gelatinous mass, in which the individuals are em- 
bedded in groups. Some of the Tunicata are oceanic — that is 
to say, are found floating or swimming at the surface of the open 
ocean — ^and some exhibit the phenomenon of phosphorescence. 
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In the forgoing description it has been found impossible to convey 
even the most elementary outline of the anatomy of a Tunicate without 
having recourse to technical terms. There still remain a few points or 
homology which should be mentioned. In the foregoing, the so-called 
"oral aperture" of the animal hal been regarded as truly the mouthy 
this being the simplest view, and the one held by Professor Huxley. 
Upon this view the "respiratory sac," into which the mouth opens, 
must be regarded as a greatly-developed pharynx (ue,^ the upper portion 
of the alimentary tube). Similarly, on this view, the low^ aperture of 
the respiratory sac will have to be r^[arded as the opening of the guild. 
By Professor Allman, again, the respiratory sac is looked upon as 
formed by a great modification of organs corresponding to the ciliated 
tentacles of the Polyzoa^ so that the lower aperture of the respiratory sac 
is the true mouth. Lastly, by Professor Rolleston the respiratory sac 
is looked upon as corresponding to the gills of the bivalve shell-fish 
{Lamellibranchiata\ and the oral and atrial apertures are regarded as 
corresponding to the " respiratory siphons " of these same animals. On 
this view the lower aperture of the respiratory sac is again looked upon 
as the true mouth. The question cannot be regarded as settled, and 
Huxley's view has been here adopted merely as being the most readily 
intelligible to learners. 

Class III. Brachiopoda. — ^The members of this class, some- 
times called " Lamp - shells," are little known to the general 
public, being all marine, often inhabiting considerable depths' 
in the sea, and being much more abundantly represented by 
fossil forms than by living examples. They are often placed 
with the ordinary Bivalve shell -fish {Lamellibranchiata), in 
consequence of their universally possessing a shell composed 
of two pieces or valves (fig. 123), but they are really of a much 
lower organisation. In their essential structure they show many 
points of affinity to the Pofyzoa, but they are always simple 
animals, never forming colonies, and they always have a bi- 
valve shell. The two pieces of which the shell is composed are 
always placed one in front and one behind, so that they are 
" ventral" and "dorsal," and not "right" and "left" as in the 
true Bivalves. The two valves of the shell are also always 
slightly, and sometimes greatly, different to one another in 
size, so that the shell is said to be " inequivalve." The ventral 
valve is usually the largest, and often possesses a prominent 
curved beak, which is generally perforated by an aperture 
through which there passes a muscular stalk by means of which 
the shell is attached to some solid object In some cases, how- 
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The inner surface of the ralres of the shell is lined bj 
expansions of the integument, which are called the "mantle- 
lobes," and which secrete the shell. The digestive organs and 
muscles occupy a smalt space near the apex or " beak' of the 
shell, which is partitioned off by a membranous partition, per- 
forated by the aperture of the mouth. The remainder of the 
cavity of the shell is almost filled by two long processes, de- 
rived from the sides of the mouth, fringed with lateral branches, 
and termed the "arms" (fig. 123, D). These arms are usually 
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closely coiled up, and serve to obtain food for the animal. It 

is from these or^ns that the name of the class is derived 

(Gr. brachion, arm ; and podes, feet). The 

arms also serve as respiratory oi^ns, and in 

many forms they are supported on an internal 

calcareous framework or skeleton, sometimes 

called the " carriage-spring apparatus." 

The mouth is placed between the bases of 
the arms, and is not furnished with any ap- 
paratus of teeth. It conducts by a gullet into 
a distinct stomach, surrounded by a well-de- 
veloped granular liver. The intestine may or 
may not be furnished with a distinct anus, but 
in no case does it open into the body-cavity. 
Within the lobes of the mantle there is a 
remarkable system of branched tubes, which 
commence by blind extremities, and tinally 
communicate with the mantle-cavity by means 
of certain organs which were formerly believed 
to be hearts, and are now known as " pseudo- 
hearts." This system of tubes appears to be 
mainly, if not entirely, connected with repro- 
duction. A true heart, however, is present in 
most, if not in all, of the Brachiopoda. 

The nervous system consists of a single ^1 "'"='' •■« •'«" 
pnncipal ganglion, connected in some cases (AitoCuvier.) 
with others, so as to form a collar, round the 
commencement of the gullet. In some cases, however, the 
nervous system appears to be very rudimentary. 

The sexes appear to be sometimes distinct and sometimes 
anited in the same individual. The embryo, in some cases, at 
any rate, is locomotive, moving from place to place by means ot 
the ciliated arms or hy ventral spines. 
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CHAPTER XXL 

MOLLUSCA PROPER. 

The biglier MoUusca or MoUmsca Prober com^nse those mem- 
bers of the sab-kiDgdom in which ike mtrzwms system amststs of 
three principal pairs of ganglia; and there is ahoays a well- 
developed heart consisting of at least two chambers. 
In this division are included the following classes : — 
I. Lamellibranchiaia^ without a distinct head. 

nt iJ*^d!r* \ ^^ * distinct head and a masticatory 

Class I. Lamellibranchiata. — These are well- known as 
Bivalve shell-fish, such as mussels, oysters, scallops, &c, and 
they are all either marine or inhabitants of fresh water. They 
are distinguished from the other Molluscs by having no distinct 
head, and by having the body more or less completely protected 
by a bivalve shell composed of two pieces. They are called 
Lamellibranchiaia from the fact that the organs of respiration 
are in the form of leaf-like gills or branchiae, two of which are 
placed at each side of the body, constituting what is known in 
the oyster as the " beard." The body of the LamelUbranchiata 
is more or less completely enclosed in an expansion of the in- 
tegument which constitutes the " mantle," and which is divided 
into two halves or " lobes," which are placed on the sides of the 
animal, and secrete the shell. The shell, therefore, of the true 
bivalves is composed of two valves, which are "right" and 
"left," and not "dorsal" and "ventral," as in the Brachiopoda. 
Moreover, the valves of the shell are usually of the same size, 
so that the shell is " equivalve ; " and, lastly, the shell is more 
developed on one side than the other, so as to become " inequi- 
lateral" (fig. 126, 2). The lobes of the mantle are sometimes 
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quite free ; but at other times they are more 
each other.and leaveonlytwo 
opeuings. Through one of 
these openings (the anterior) 
the " foot," is protruded (fig. 
'^5'^); And through the 
other pass the respiratory 
tubes or "siphons" (j). The 
foot in the bivalves is a 
muscular organ developed 
upon the lower surface of 
the body, but not forming a 
creeping flattened disc, as in 
the ordinary univalves. In' 
many cases it is quite rudi- 
mentary; and even when it 
is employed in locomotion it 
is usually small. Most gen- 
erally it is hatchet-sbaped or 
pointed (fig. 1 25,/),and serves 
to enable the animal to make 
short leaps. In many cases 
— as in the common mussels 
— the foot is subsidiary to a 
special gland, which secretes 
a viscous fluid, that hard- 
ens rapidly on exposure to 
the air. This fluid is mould- 
ed by the foot into silky 
threads (the so-called "bys- 
sus"), by means of which the 
shell is firmly fixed to some 
solid object. Besides the 
muscular foot, other muscles 
arc present as well in the 
X-amtlUbranchiata. Ofthese 
the most important are the 
muscles which close the shell, 
and are called the " adduc- 
tor " muscles. In one group 
of the bivalves (fig. 126, 3) 
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there is only one addactor muscle, but onlinarily there are 
two (fig. 126, 2). These muscles leave distinct scars or " mus- 
cular impressions " in the dead shell, so that it is easy to 
determine how many were present in any g^ven shell. The 
margin of the mantle, too, is muscular, and leaves upon the 
shell a distinct line where it was attached, this being known 
as the " pallial line " (Lat. pallium^ a mantle), as shown in 
fig. 126. 

As regards the shell of the bivalves the following are the 
chief points to be noticed. Each valve of the shell (fig. 126) is 
to be regarded as essentially a hollow cone, the apex of which 
is turned more or less to one side. The apex of the valve is 
known as the " umbo " or " beak," and is turned towards the 
mouth of the animal. Consequently, the side of the shell to- 
wards which the beaks are turned is known as the " anterior " 




Fig. X36.— Shells of Lamellibranchiata. x. Cyclas amnica, a shell with two 
adductor muscles, and an ''entire" mantle- margin. 3. Tapes puUasira^ a 
shell with two adductors, and an indented pallial line. 3. Pema ephippinnti 
a shell with one adductor muscle, a Pallial line ; b Scars left by the adductors ; 
c Siphonal impresnon. 

side, and it is usually much shorter than the opposite or " pos- 
terior" side. The side of the shell at which the beaks are 
situated is known as the " dorsal " margin ; and here the valves 
are united to one another for a longer or shorter distance along 
a line which is known as the " hinge-line." The union between 
the valves is usually effected by means of interlocking parts 
or " teeth," and there is often a band of homy fibres passing 
between the two valves just behind the beaks. In many cases 
there is also a series of homy fibres placed perpendicularly 
between the beaks, so as to be compressed when the shell is 
shut. By the elasticity of these, and of the external ligament 
when present, the valves of the shell are opened, without any 
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effort of the animal, simply by relaxing the adductor muscles. 
The valves are shut again by the contraction of the adductor 
muscle or muscles. 

As already said, the margin of the mantle leaves on the shell 
a distinct impression — the " pallial line ** — and by inspection of 
this, important conclusions can be drawn in any given case as 
to the mode of life of the animal. In certain shells, namely, 
the pallial line (fig. 1261 i) is unbroken or "entire/' and in these 
the mantle-lobes were either quite free, or if attached to one 
another and drawn out into respiratory tubes, these were not 
furnished with special muscles by which the tubes could be 
retracted within the shell. In other bivalves, on the other 
hand (fig. 126, 2), the pallial line is indented to a greater or less 
extent, showing that the mantle-lobes were more or less united 
to one another, and were drawn out into long respiratory tubes 
or siphons, which were furnished with special muscles by which 
they could be withdrawn within the shell. This difference ex- 
presses a real distinction amongst the bivalves, due to their 
mode of life. In all alike, the respiratory organs are in 
the form of membranous leaf-like gills, of which there are 
usually two on each side of the body. The gills are com- 
posed generally of tubular rods (fig. 125, b) richly supplied with 
blood-vessels, and covered with vibrating cilia. For the proper 
hiaintenance of respiration, however, it is necessary that the 
gills should be constantly supplied with fresh water. In those 
bivalves in which the animal is free and the mantle-lobes not 
attached to one another, this is effected without any special 
mechanism. In those forms, however, in which the animal 
lives buried in the mud and sand, and the mantle-lobes are more 
or less completely united, there are two orifices, one of which 
admits fresh water, while the effete water is got rid of through 
the other. These orifices, in the shells just spoken of, are ex- 
tended into two long tubes which are known as the " respira- 
tory siphons." The water passes in by one siphon, is swept 
over the surface of the gills, and then reaches the mouth (fig. 
125, s s), when it is returned in the opposite direction to escape 
by the other siphon. The same current of water, therefore, 
both carries oxygen to the gills, and serves to convey food to 
the inouth. The two siphons may be quite distinct from one 
another, but they are very often united together so as to look 
like a single tube (fig. 125). They are often very small, and th^tv. 
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tbef leare no tnuxs of their edstence in the dead shdl ; but 
when thcj are rery long, they arc furnished with muscles to 
retract them within the shell, and it is the scar left by these 
muscles which causes the pallial line to be indented. This 
indentation* therefore, as seen in the dead shdl. is an indi- 
cation that the animal possessed long retractile respiratory 
siphons* and lived, therefore, most probably embedded in sand 
or mud. 

There is alwajrs a distinct heart, composed of two or three 
chambers* and in all cases acting as a mere arterial heart 
That is to say, the heart propels the aerated blood derived from 
the gills through the body, and has nothing to do with the pro- 
pulsion of the non-aerated or venous blood through the gills. 
There is never any distinct head in any of the Bivalves, and for 
this reason they are sometimes called the " headless" {fuepha- 
lous) Molluscs. The mouth is simply placed at the anterior end 
of the body, and is never furnished with teeth, though usually 
provided with membranous processes or "palpi** (fig. 125,/). 
The mouth opens into a gullet which conducts to a stomach. 
The intestine is convoluted, and usually perforates the ventricle 
of the heart, ultimately terminating in a distinct anus, which is 
always placed near the respiratory aperture. A large and well- 
developed liver is also present. 

The nervous system has its normal form of three principal 
masses — the cerebral, the pedal, and the parieto-splanchnic 
ganglia. 

The majority of the bivalve Molluscs have the sexes distinct, 
but they are sometimes united in the same individual. The 
young are hatched before they leave the parent, and, when first 
liberated, are ciliated and free-swimming. 

The habits of the Lanullibranchiata are very various. Some, 
such as the Scallops {Pecten\ habitually lie on one side, the 
lower valve being the deepest, and the foot rudimentary or 
wanting. Others are fixed to the bottom of the sea by the 
substance of one of the valves. Others, such as the common 
Mussel, are moored to some foreign object by a tuft of silky 
fibres, constituting a "byssus." Many, such as the Gapers 
{Mya) and Razor-shells (Solen), spend their existence sunk in 
the sand of the sea-shore or the mud of estuaries. Others, 
such as the Pholades, bore holes in rock or wood, in which 
they live. Finally, many are permanently free and locomotive. 
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Cuus 11. Gasteropoda. — ^This class includes an enormous 
attmber of Molluscs, such as the land-snails, sea-snails, whelks, 
limpets, sings, sea-lemons. Sec, which agree in many funda> 
mental characters, but nevertheless present manjr striking dif* 
ferences. From the very common occurrence of a shell com- 
posed of a single piece, the Gasteropoda are often spoken of in 
a general vray as the " univalve " Molluscs. In many, however, 
there is either no shell at all, or one so small that it would 
not generally be recognised as such ; and in a few the shell is 
composed of several pieces (" multivalve "). In none, however, 
is the shell composed of two pieces or " bivalve." The large 
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ity of the Gasteropoda are further distinguished by the 
development of the foot, which constitutes a broad fiair 
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tened disc upon which they creep about, as may readily be 
observed in the common slugs. Some, however, have the foot 
much modified and adapted for swimming. In many cases, 
also, the foot carries behind a horny or shelly plate which is 
known as the "operculum" (fig. 127, o), and which serves to 
close the shell when the animal is withdrawn within it 

The head in most of the Gasteropoda^ unlike the Bivalves, is 
very distinctly marked out, and carries two long feelers, and 
two eyes, often placed upon stalks (fig. 127, A). The mouth, 

also, differs from that of the Bivalves in 
being furnished with a singular apparatus 
of teeth, constituting what is known as 
the "odontophore" (fig. 128), or "lingual 
ribbon." This consists essentially of a 
number of siliceous teeth, of different 
shapes in different species, supported upon 
a kind of strap which can be made to work 
backwards and forwards over a cartila- 
ginous cushion, thus acting like a chain- 
saw. In addition to the odontophore there 

Fig.i28.-Portionofthc ^^^ sometimes horny jaws as well. The 
lingual ribbon of the mouth leads by a gullet into a distinct 
common whcik^Dtiagni. gtomach, which Sometimes is provided 

fied (after Woodward). .,, , i ^ r • i- j ^i. 

With calcareous plates for grinding down the 
food. The intestine is long, and always terminates in a distinct 
anal aperture. Distinct salivary glands are usually present, 
and the liver is well developed. 

A distinct heart is almost always present, and consists of 
two chambers, an auricle and a ventricle. Respiration is very 
variously effected — one great division being constructed to 
breathe air by means of water, whilst in another section the 
respiration is aerial. In the former of these — often spoken of 
as the "branchiate" Gasteropods — respiration may be carried 
on in three ways. Firstly, there may be no specisil breathing- 
organ, the blood being simply exposed to the action of the 
water, as it circulates through the thin walls of the mantle- 
cavity. Secondly, the breathing-organs may be in the form of 
outward processes of the skin, exposed to view on the back or 
sides .of the animal (fig. 131). Thirdly, the breathing-organs 

^ l>lume-like gills, contained in a more or less 
I Conned by a folding of the mantle (fig» 
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Ii7> ^)* In many members of this group the water attains 
access to the gill-chamber by means of a tubular prolongation 
or folding of the mantle, forming a siphon (fig. 127, A, s), and 
often the effete water is expelled by another tube which is 
similarly constructed. In the second great section — often 
called the "pulmonate" Gasteropods — respiration is effected by 
a pulmonary chamber or lung, formed by a folding of the mantle, 
and having air admitted to it by a distinct aperture. 

The sexes in the Gasteropoda are mostly distinct, but they 
are sometimes united in the same individual. The young, 
when first hatched, are always provided with an embryonic 
shell, which may be entirely lost in the adult, or may simply 
become concealed by a fold of the mantle. In the water- 
breathing forms the young is protected by a small nautilus- 
shaped shell, within which it can entirely withdraw. It is 
enabled to swim about freely by means of t^o ciliated lobes 
springing from the sides of the head, and in this stage it is 
very like the permanent adult condition of the Pteropoda (fig. 

134). 
As regards the shell of the Gasteropoda, the following points 

may be noticed. The shell is composed either of a single piece 

(univalve), or of a number of plates placed one behind the 

other (multivalve). 

The univalve shell is to be looked upon as essentially a hollow 

tone, the apex of which is placed a little on one side. In the 

simplest forms, as in the Limpets, the conical shell is retained 

throughout life without any alteration. In the great majority 

of cases, however, the cone is considerably elongated, so as to 

form a tube, which may retain this shape (as in the "tooth- 

ishell")) but which is usually coiled up into a spiral. The 

" spiral univalve" may, in fact, be regarded as the typical form 

of the shell in the Gasteropoda (figs. 129 and 130). The coils 

of the spiral are termed the " whorls," and are usually more or 

less amalgamated on one side. In most cases, too, the whorls 

are wound obliquely round a central axis or pillar, increasing 

gradually in size to the mouth. The last whorl is the largest) 

and is termed the " body-whorl." The mouth of the shell iii 

many forms is unbrokenly round or " entire" (fig. 129), and it is 

found that most of these shells subsist upon vegetable food, aSj 

for instance, the common periwinkles. In others, again, (fig. 

150)9 the mouth of the shell is notched or is produced into a 
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canal, aa In the common whelk, and it is found that these live 
npon animal food, or are "carnivorous." There may be more 
than one of these canals or tubes, but they do not necessarily 




indicate the nature of the food, 
the respiratory siphc 
The GasUropoda 




protect 



e divided into a good many groups, of 
which the more important may 
be briefly noticed, the foregoing 
applying chiefly to the ordinary 
forms, which therefore need 
no further description. The re- 
maining members of the water- 
' breathing Gasteropods are di- 
vided into two sections, differing 
a good deal from the typical forms of the class in many 
respects. 

As examples of the flrst of these may be taken the sea-slugs 
and sea-lemons {Nudibranchiaid), s^f.cvaAr\% of which may at 
any time be found creeping about on sea-weeds, or attached 
to the under surface of stones at low water. These slug-like 
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animals (fig. 131) are wholly destitute of a shell when fully 
grown, but possess an embryonic shell when young. When 
there are any distinct respiratory organs, these are in the form 
of gills, placed, without any protection, upon the back or sides 
of the body. The head is furnished with tentacles, which do 
not appear to be used as organs of touch, but are more probably 
connected with the sense of smell ; and behind the tentacles 
are generally two eyes. The nervous system is extremely well 
developed, and would lead to the belief that the sea -slugs 
are amongst the highest of the Gasteropoda. Locomotion is 
effected, as in the true slugs, by creeping about on the flattened 
foot. 

The last remaining group of the " branchiate** Gasteropods is 
that of the Heteropoda (fig. 132}, comprising a number of curious 
forms which are found swimming at the surface of the open 
sea, instead of creeping about at the bottom of the sea. In 
order to adapt them for this mode of life, the foot, instead of 
forming a creeping disc, is modified to form a compressed fin 
(/). The Heteropoda are to be regarded as the most highly 




Ilg. x^'—Heiero^oda, Carinaria cynUnnm, P Proboscis and mouth ; 
/ Tentacles ; b Gills ; x Shell ; / Foot ; d Disc (After Woodward. ) 

oxiganised of all the Gasteropoda^ at the same time that they 
are not the most typical members of the class. Some of them 
can retire completely within their shells, but others have large 
bodies^ and the shell is either small or entirely absent In 
Carinaria^ which may be t^en as a good example of the group, 
there is a little limpet-shaped shell protecting the gills (J>) and 
heart The animal swims, back downwards, by means of a 
vertically-flattened ventral fin (/), on one side of which is a 
little sucking-disc (^), by which the animal can adhere at plea- 
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sure to floating sea-weecL Carinaria is found in the Mediter- 
ranean and other warm seas, and is so transparent that the 
course of the intestine can be seen along its whol6 leng^. 

The last group of the class is that of the "air-breathing" 
Gasteropods, so well known as land-snails, pond -snails, and 
slugs (fig. 133). All the members of this £n^up are formed to 
breathe air directly, instead of through the medium of water, 
and they therefore never possess g^lls or branchiae. In place 
of these they have a pulmonary chamber or lung, formed by a 
folding of the mantle, and having air admitted to it by a round 
hole on the right side of the neck, which can be opened and 
closed at will. Though thus adapted for breathing air directly, 
many of the members of this group can only live in damp or 
moist places, while others habitually live in fresh water. The 
common pond-snails are examples of these last The condition 
of the shell varies much. Some, such as the common land- 
snails, have a well -developed shell within which the animal 
can completely withdraw itself for protection. Others, such 




Fig. 133. — Limax Sowerbyt, one of the slugs. (After Woodward.) 

as the common slugs (fig. 133), have a rudimentary shell which 
is completely concealed within the mantle. Others are entirely 
destitute of a shell. They all ag^ee with the typical Gastero- 
pods in creeping about on a broad, flattened foot 

Class III. Pteropoda. — This class is a very small one, and 
includes a number of minute oceanic Molluscs, which are found 
swimming near the surface in the open ocean, far from land, 
and often in enormous numbers. The organs of locomotion 
are two wing-like fins (figs. 134, 135) attached to the sides of 
the head, and formed by a modification of a portion of the foot. 
The body is usually protected by a symmetrical glassy shell 
(fig. 134), consisting of two plates united along their edges, ot 
in other cases forming a spiral. In some, however, there is no 
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shell, and the body is quite naked. The head is rudimentary, 
and bears the mouth, which is furnished with an odontophore. 
The heart consists of an auricle and ventricle, and the respira- 
tory organs are extremely rudimentary. The sexes are united 
in the same individual in all the Pterofioda, 




f 
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Fig. 134.— Pteropoda. a CUodora Pyra- 
midatai b Cuvieria columneUa. (After 
Woodwaird.) 



Fig. 135. — Hyalea tridentata^ 
showing the shell and the lateral 
fins attached to the sides of the 
head(//X 



The Pteropoda occur, as already said, in the open ocean, and 
they are found in all seas from the tropics to within the arctic 
circle, sometimes in such numbers as to discolour the water for 
many miles. Minute as they are, they constitute in high lati- 
tudes one of the staple articles of diet of the whale, and they 
themselves in turn are probably carnivorous, feeding upon small 
crustaceans and other diminutive creatures. Though all the 
living forms are small. Geology leads us to believe that formerly 
there existed comparatively gigantic forms, which appear to be 
truly referable to this class. 
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CEPHALOPODA. 



Class IV. Cephalopoda.— The last and higheat class of the 
Mollusca is that of the Cephalopoda, comprising the Cuttle- 
fishes, Calamaries, Squids, and the Pearly Nautilus. They are 
all inhabitants of the sea, and 
are all carnivorous ; and they are 
possessed of considerable powers 
of locomotion. At the bottom 
of the sea they can walk about 
head downwards, by means of 
the arms (fig. 1 36] which surround 
the mouth, which are usually 
provided with numerous suckers, 
and which are really produced 
by a splitting up of the margins 
of the fooL It is from the pres- 
ence of these arms that the 
class derives its name (Gr. kepk- 
ale, head ; and podei, feet). The 
Cuttle-fishes can also swim rap- 
idly, either by means of expan- 
ns of the skin constituting 
fins, or by the forcible expulsion 
of water from the cavity of the 
mantle, the reaction of which 
Fig. i-fi.—^ifioia Atiatitica, one of causes the animal to move in the 
iht Cuuie-fiibes. (After Wood- opposite direction. The ma- 
* ' jority of the living Cephalopods 

are naked, possessing only an internal skeleton, and this often 
a rudimentary one; but the Argonaut (Paper Nautilus) and the 
Pearly Nautilus are protected by an external shell, though the 
nature of this is extremely ditTerent in the two forms. 
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The body in the Cephalopoda is symmetrica], and is enclosed 
in an integument which may be regarded as a modification of 
the mantle of the other Mollutca. Ordinarily there is a toler- 
ably distinct division of the body into an anterior portion, car- 
rying the head, and a posterior portion, in which the internal 
organs are enclosed. The head (fig. 136) is very distinct, bearing 
a pair of lai^e globular eyes, and having the mouth in its centre. 
The mouth is surrounded by a circle of eight, ten, or more; long 
muscular processes, or arms, which are generally provided with 
rows of suckers. Each 
sucker consists of a cup> 
shaped cavity, the mus- 
cular fibres of which 
converge to the centre, 
where there is a little 
muscular eminence or 
papilla. When the 
sucker is applied to any 
surface, the contraction 
of the radiating muscu- 
lar fibres depresses the 
papilla so as to produce 
a vacuum below it, and 
in this way each sucker 
acts most efficiently as 
an adhesive organ. The 
whole of this complex 
mechanism of suckers 
is completely! under the 
control of the animal, 
and the irritability of the 
suckers is retained even 
for days after death. In 

fnn.f nf til,. PiiHlp fishps ^W- »K— IH««™ii of ■ Caule-E(h (■llmd film 

most 01 tlie (.uttie-nanea h„,^j. „ MimdLbfc.; ■ c™b«i gangiUi 

{Pel€podd^ih«lti areonly / U«r; > InteKine', oOrary; /GiU; ilnli- 

^ht arroa. and these W^/FuomI; *iD«naiik«iM™,« -cuttle- 
are nearly similar to one 

another. In others, however (fig. 136), there are ten processes 
round the mouth, of which eight are like each other, and con- 
stitute the true arms, whilst two — called tentacles — are much 
longer than the others, and bear suckers only towards their 
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extremities, which are enlarged and club-shaped. The Paper 
Nautilus (fig. 139) has two of the arms webbed at their extrem- 
ities and secreting a shell ; and the Pearly Nautilus, alone of 
all living Cephalopoda, has numerous arms, more than ten in 
number, and destitute of suckers. 

The mouth leads into a cavity containing two powerful homy 
or partially calcareous jaws or mandibles, working vertically, 
very like the beak of a bird (fig. 137, tn), together with an 
^* odontophore " or " tongue," the hinder part of which is fur- 
nished with recurved spines. This cavity leads by a gullet, 
furnished with salivary glands, into a stomach, from which an 
intestine is continued to terminate by a distinct anus, which 
opens on the ventral surface at the base of the so-called " fun- 
nel." The funnel is a muscular tube placed on the under sur- 
face of the head, and communicating on the one hand with the- 
external medium, and on the other with the cavity of the mantle. 
In the Nautilus alone it is simply formed of two muscular lobes, 
which are in apposition, but are not united together so as to 
form a tube. In many cases there is also a special gland, known 
as the "ink-bag" (fig. 137, /), for the secretion of an inky fluid, 
which the animal discharges into the water, so as to enable it to 
escape when menaced or pursued. The duct of the inkvbag opens 
at the base of the funnel near the anus ; but the Pearly Nau- 
tilus and the allied fossil forms are without this means of defence, 
which the presence of an external shell renders unnecessary. 

The respiratory organs are in the form of plume-like g^lls, 
placed on the sides of the body in a branchial chamber, which 
opens in front on the under surface of the body. In almost all 
the living Cephalopoda there are only two gills, one on each side, 
and hence this section is known as that of the " Dibranchiatar 
In the Pearly Nautilus alone there are four gills, two on each 
side, hence the name of " Tetrabranchiata " applied to the order 
of which this is the only living representative. In the Cuttle- 
fishes, at the base of each gill is a special contractile cavity, 
called a " branchial heart," by which the venous blood, returned 
from the body, is driven through the gills. In addition to these 
branchial hearts there is a true arterial heart, by which the 
aerated blood received from the gills is driven through the 
body. The admission of water to the branchiae is effected by 
the expansion of the mantle, which allows the entrance of the 
outer water into the mantle-cavity. The mantle then contracts, 
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and the water is forcibly expelled through the funnel, which is 
often furnished with a valve, allowing the passage of water out- 
wards, but preventing its entrance inwards. By a repetition of 
this process both respiration and locomotion are simultaneously 
effected, for the jets of water expelled from the funnel by their 
reaction drive the animal in the opposite direction. In this case, 
therefore, as in many others, the more active the animal is, the 
more perfectly is the respiratory process carried on. 

The nervous system is formed upon essentially the same plan 
as in the other Mollusca, but the cerebral ganglia are protected 
by a cartilage, which is to be regarded as a rudimentary skull. 
This structure, therefore, is a decided approach to the Vertebrate 
type of organisation. 

The sexes in all the Cephalopoda are in different individuals, 
and the reproductive process in the Cuttle-fishes is attended with 
some singular phenomena. The most remarkable point in this 
connection is the modification of one of the arms of the male 
Cuttle-fishes, for the purpose of conveying the male element to 
the female. The details of the modification vary in different 
species of Cuttle-fish. 

In some of the Cuttle-fishes the modified arm becomes the 
receptacle of the spermatozoa, but is not itself actually detached 
from the animal. In some cases, however, as in the Paper Nauti- 
lus {Argonaut), the process goes still further. The female of this 
species (fig. 139) attains a considerable size, and is protected by 
an external shell. The male (fig. 138, a) is not more than an inch 
in length, is devoid of a shell, and has its third left arm meta- 
morphosed. The arm is developed in a cyst, and is ultimately 
detached from the body, and deposited by the male within the 
mantle-cavity of the female. When first discovered in this 
position, it was described as a worm living parasitically on the 
Argonaut, under the name of " Hectocotylus " (Gr. hekaton, a 
hundred ; kotulos, a cup), from the suckers or cups with which 
it was furnished. Subsequently it was described as the entire 
male Argonaut ; and it is only recently that it has been proved 
to be nothing more than one of the arms of the male, detached 
for the purpose of conveying the sperm-celte to the female. 
For the above reason, the general name of " hectocotylus " is 
given to the detached reproductive arm of any of the Cuttle- 
fishes (fig. 138, b\ 
The shell of the Cephalopoda is sometimes external, some- 

P 
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times inUmaL The intenol skeleton is seen in most of the 
Cultle-fishes; in which it is known as the " cattle-bone " or 
" pen.' It may be either homy or calcareous; and it is some- 
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times complicated by the addition of a chambered portion. 
The only living Cephalopoda which are provided with an ex- 
ternal shell are the Paper Nautilus {Argonauta) and the Pearly 
Nautilus {Nautilus pompilius) ; but not only is the structure of 
the animal different in each of these, but the nature of the shell 
itself is entirely different. The shell of the Argonaut (fig. 139) 
is coiled into a spiral, but it is not divided into chambers, and 
it is secreted by the webbed extremities of two of the dorsal 
arms of the female. These arms are bent backwards, so as to 
allow the animal to live in the shell ; but there is no organic 
connection between the shell and the body of the animal. The 
shell of the Pearly Nautilus, on the other hand, is secreted by 
the mantle, and is organically connected to the animal. It is 
coiled into a spiral (fig. 139), but it differs from the shell of the 
Argonaut in being divided into a series of chambers by means 
of shelly partitions, which are connected together by a tube 
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or " siphuncle," the animal itself living in the last and largest 
chamber only of the shell. 

The Cephalopoda are divided into two extremely distinct and 
natural orders, termed respectively Dibranchiata and Tetra- 
branehiata, according as they have two or four gills or 
branchis. 

The DibranchieUa comprise the Cuttle-fishes, Squids, Cala- 
maries, and Paper Nautilus, and they arc characterised by 




Mn»d ID ua flhcl], bnl the webbrd dorsa] ums are Hpamed from ibe sjiel] 
which they ucrele, ajld vhich Lhey ordinanly embrace. 

being almost invariably destitute of any external shell ; by 
never having more than eight or ten arms, which are always 
furnished with suckers; by having only two gills, which are 
provided with "branchial hearts;" by the possession of an 
" ink-bag ; " and by the fact that the " funnel " forms a complete 
tube. They are divided into two sections — Octopoda and Deca- 
poda — according as they have only eight arms(fif;. 138), or eight 
arms with two additional longer processes or " tentacles" (fig. 
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136). Amongst the Octa^oda are the Paper NantOns 9Uad the 
TovA^esipctoptu). The Paper Naudliu is fotind Iq the wanner 
seas of rarious parts of the world, geneiallj Btatiiig at the sur- 
face. The two sexes dificr, as already said, greatly in external 
appearance; The female (&g. 139) inhabits a beautifnl cme- 
chambered shell, which is secreted by the webbed cxtiemities 
of two of the dwsal arms. The shell is not in any way attached 
to the body Of the animal, but the webbed arms are turned 
backwards, and the animal sits in the shell with the funnel 
turned towards the keel. It swims by the jets of water emitted 
from the funnel, and crawls apon the sea-bottom, head down- 
wards, carrying its shell on its back- The male Argonaut is 
only about an inch in length, has no shell, and has all its 
arms alike, except the one which is metamorphosed into the 
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" hectocotylus." The Poulpes (Octopi) are universally distri- 
buted in the seas of both temperate and tropical regiops. 
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They are the " polypi " of Homer and Aristotle, and are vora- 
cious animals inhabiting rocky shores. 

The Decapoda are chiefiy found in the open sea, often in 
enonnous numberj, and the best known are the Calamariea and 
Squids. The body is elongated, and is always furnished with 
lateral fins, with which they swim actively. The shell is in- 
ternal, hidden in the mantle, and differs considerably in cUffer- 
ent members of the group. In the common Calamaries it 
forms a homy pen, with a central shaft and two lateral expan- 
sion or wings (fig. 140, b). In the genus Stpia, the skeleton is 
calcareous and is sometimes called the "cuttle-bone" (fig. 140, 
a). In the curious Spirula of recent seas, the shell is rolled up 
into an open spiral, and is divided by calcareous partitions 
into a succession of chambers (fig. 140, c\ which are placed 
in communication with one another by a small tube or 




nj.141.— A,Reuor«lioBoflhBiinii)uJofth»B*ltinniM: B, Dingnun.howinjlhe 
complcK ikelcton of a Belemnite. consislLne of tht chambered phngmacMM (a), 
lb* (uaid (h\ lad ttie'honiy pen <c) ; C. Sptdjnm o( BtltmMla canaiiailatiH 
bom Lhc liir«rior Oolite. <Aflei Flullipi.) 

"riphoncle." The shell thus constituted is buried in the 
mantle at the hinder end of the body (fig. I4<* d^ Lasdy, in 
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the curious extinct group of the BeUmniUs (fig. 141), which 
also belong here, the elongated body was supported by a long 
dart-like internal skeleton, the chief portion of which (fig. 141, 
C) consisted of a cylindrical pointed fibrous body, called the 
"guard." In front, the guard was hollowed out into a conicfd 
cavity, in which was lodged a singular series of chambers, 
united by a tube or "siphuncle," and forming collectively what 
is called the "phragmacone" (tig. 141. B). In front of that, 
again, the skeleton was prolonged forward into a more or less 
extensively developed horny expansion or " pen " (fig. 141, B, c). 
The second order of tne Cephalopoda — that of the Tetra- 
branchiata — comprises forms characterised by being creeping 
animals, protected by an external matiy-ekambered shell, the 
partitions between the chambers being perforated for the pas- 
sage of a membranous or calcareous tube, termed the " si- 
phuncle." The arms are more than ten in number, and are 
devoid of suckers ; the gills are four in number, two on each 




side of the body ; the funnel does not form a complete tube ; 
and there is no ink-bag. 

Though abundantly represented by many and varied fossil 
forms, the only living member of the Telrabramhiata with 
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which we are acquainted is the Pearly Nautilus, which has long 
been known by its beautiful chambered shell. The shell of the 
Pearly Nautilus (Gg. 143) is coiled into a spiral, and is many- 
chambered, the chambers being walleit off from one another 
by curved shelly partitions or septa, perforated centrally by 
a foramen which transmits a membranous tube or siphuncle. 
The animal inhabits only the last and largest chamber of the 
shell, from which it can protrude its head at will. The function 
of the chambers of the shell is not very clearly understood ; 
but it appears to be that of reducing the specific gravity of the 
shell to near that of the surrounding water ; since they appear 
to be filled with some gas apparently secreted by the animal. 
Good authorities, however, believe that these chambers are 
filled with water. The siphuncle does not communicate in any 
way with the chambers of the shell, and Its functions are also 
unknown, except that it must certainly serve to maintain the 
vitality of the shell. 

Of the fossil Telrabranchiata the most important are the 




Rb. t^^—OrHuxtnu ixfUrrai. 

Orthocerata and the Ammonites. The Orthoctrata {fig. 143) 
played a very important part in the seas of the Palaeozoic or 
. Ancient-life period of the earth's history, in which they appa- 
rently filled the place now taken by the predaceous cuttle-fishes. 
They agreed with the Nautilus in having a many-chambered 
shell, divided by curved partitions, perforated by a tube or 
siphuncle. The shell, however, differed from that of the Nait- 
tilus in not being curved or coiled up, but in being straight 
In other nearly allied forms the shell was bent or even partially 
coiled up, but never so completely as in the true Nautilus. 
Many of the OriSiV«-a/a were of'small size, but some of them 
wrere colossal, shells having been found of six or seven feet in 
length, and as thick as the body of a man. 
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The AmmimHes, with a number of allied fonns of varied 
shapes and beautiful structure, appear to have taken the place 
of the NautiUda, to a gn^eat extent, in the seas of the Secondary 
period; at which time, too, Dibranchiate Cephalopods first 
made their appearance. The true Anomonites resembled the 
Nautilus in having a many-chambered shell, which was coiled 
up into a spiral, but the position of the siphuncle was difierent, 
and the partitions or septa between the various chambers of the 
shell were wonderfully folded and lobed instead of being simply 
curved. The numerous beautiful shells allied to the Ammonites 
cannot be even mentioned here ; but it is to be remembered 
that they are principally characteristic of the Secondary period 
in geology, and that they are hardly known as occurring in the 
older period (Palaeozoic epoch). 

Tabular View of the Main Divisions of the Mollusca, 

Division A. Molluscoida. — Nervous system consistiiig of a single 
ganglion or of a principal pair with accessory ganglia; no distinct- 
organ of the drcalation, or an imperfect heart. 

Class I. Polyzoa, — Ex. Sea-mats (Flostra). 

Class II. Tunkata, — Ex, Sea-squirts (Ascidia). 

Class III. Brachiopoda, — Ex, Lamp-shells (Terebratula). 

Division B. Mollusca Proper. — Nervous system consisting ot 
three principal pairs of ganglia ; heart well developed, composed of at 
least two chambers. 

Class I. Latnellibranchiata, — Ex, Oyster (Ostrea), Mussel (Mytil- 
us), Scallop (Pecten). 

Class II. Gasteropoda, — Ex, "Whelks (Buccinum), Periwinkles (Lit- 
torina), Limpets (Patella), Sea-lemons (Doris), Land-snails (Helix). 

Class III. Pteropoda, — Ex, Cleodora. 

Class IV. Cephalopoda, 

Order a, Dibrqnchiaia,^Ex, Calamary (Loligo), Ponlpe (Octopus), 
Paper Nautilus (Argonauta). 
Order b, Tetrabranchiata,—Ex, Nautilus, Ammonites, Orthoceras. 
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CHAPTER XXIII. 

GENERAL CHARACTERS OF THE VERTEBRATA. 

The five sub-kingdoms which we have previously considered — 
viz., the Protozoa, CceUnteraia, Annuloida, Annuhsa, and Mol- 
lusca — were grouped together by Lamarck into one great 
division which he termed the Invertebrate^^ The remaining 
sub-kingdom, that of the Vertebrata, is so well-marked and 
compact a division, and its distinctive characters are so numer- 
ous and so important, that this mode of viewing the animal 
kingdom is, at any rate, a very convenient one. 

The sub-kingdom Vertebrata includes the five great classes 
of the Fishes {Pisces), Amphibians, Reptiles, Birds (Aves\ and 
Mammals ; and the name of the sub-kingdom is derived from 
the very general, though not universal, presence of the bony 
axis known as the " vertebral column " or backbone. One of 
the most fundamental of the distinctive characters of Verte- 
brate animals is to be found in the fact that the main masses 
of the nervous system (that is to say, the brain and spinal cord) 
are completely shut off from the general cavity of the body. 
In all J.nvertebrate animals (fig. 144, A) the body may be re- 
garded as a single tube, enclosing all the viscera ; and conse- 
quently, when a distinct nervous system and alimentary canal 
are present, these are in no way shut off from one another. 
The transverse section, however, of any Vertebrate animal (fig. 
144, B) shows two tubes, one of which contains the great 
nervous axis (m') or brain and spinal cord, whilst the other <:on* 



234 



VERTEBRATE ANIMALS. 



tains the alimentary canal, the chief circulatory organs, and 
certain portions of the nervous system («) which are known to 
anatomists as the "sympathetic" system. Leaving the brain 
and spinal cord out of sight for a moment, we see that the 
lower or visceral tube of a Vertebrate animal contains the 
digestive canal (^), the haemal or blood- vascular system (^), and 
a system of nervous ganglia («). Now this is exactly what is 
contained within the visceral cavity of any Invertebrate animal; 
and it follows from this that it is the " sympathetic " system of 
Vertebrate animals which is truly comparable with the ner\'ous 
system of the Invertebrata. The brain and spinal cord, or 
" cerebro-spinal axis," are to be looked upon as something not 
represented at all in the Invertebrata. 

Another peculiarity which is present in all the Vertebrata is, 
that at an early period of life there is developed in the lower 
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Fig. X44.— Diagrams representing transverse sections of one of the higher Inverte- 
brata, A — and one of the Vertebrata, B. a Wall of the body ; b Alimentary 
canal; c Haemal or blood-vascular system; n Nervous system; w' Cerebro- 
spinal axis, or brain and spinal cord, enclosed in a separate tube ; ch Notochord, 
or chorda dorsalis. 

wall of the tube which contains the cerebro-spinal axis a singu- 
lar structure known as the "notochord," or "chorda dorsalis," 
(fig. 144, B, ch). This is a semi-gelatinous rod, tapering at 
both ends, and extending along the floor of the cerebro-spinal 
tube. In some cases the notochord remains permanently in 
this condition, but in most cases it is replaced at maturity by 
the bony column or backbone, from which the Vertebrata 
derive their name. The general structure of the vertebral 
column will be described shortly, and it is sufficient to state 
here that it consists of a series of more or less completely bony 
segments or " vertebrae," arranged so as to form a longitudinal 
axis upon which the spinal cord is supported. It is to be 



GENERAL CHARACTERS OF THE VERTEBRATA. 235 

remembered, however, that all Vertebrate animals do not pos- 
sess a vertebral column. They all possess a notochord, but 
this may remain persistent throughout life, and in many cases 
the development of the spinal column is very imperfect 

The skeleton of all Vertebrate animals is internal, and the 
muscles are attached to its several parts. The value of this 
character is in no way affected by the fact that many Verte- 
brates, such as the Tortoises, Crocodiles, and others, possess an 
external skeleton as well. The limbs of Vertebrate animals are 
always articulated or jointed to the body, and they are always 
turned away from that side of the body (the " neural " side) 
upon which the great masses of the nervous system are placed. 
The limbs maybe altogether wanting, or partially undeveloped, 
but there are never more than two pairs, and they always have 
an internal skeleton for the attachment of the muscles of the 
limb. 

A distinct blood-vascular or " haemal " system is present in 
all yertebrates, and in all except one — the Lancelet — there 
is a single contractile cavity or heart, furnished with valvular 
openings. 

Lastly, the masticatory organs of all Vertebrates are modi- 
fications of parts of the walls of the head, and are never modi- 
fied limbs or hard structures developed in the mucous mem- 
brane of the digestive tube, as they are in the Invertebrates. 

The above are the leading characters which distinguish the 
Vertebrata as a whole, and before going on to consider the 
different classes, it may be as well to give a short and general 
sketch of the anatomy of the Vertebrates, commencing with 
their bony framework or skeleton. 

The skeleton of the Vertebrata may be regarded as consisting 
of the bones which go to form the trunk and head on the one 
hand, and of those which form the supports for the limbs on 
the other hand. The bones of the trunk and head may be 
regarded as essentially composed of a series of bony rings or 
segments, arranged longitudinally. Anteriorly, these segments 
are much expanded and also much modified to form the bony 
case which encloses the brain and which is termed the cranium 
or skull. Behind the head, the segments enclose a much 
smaller cavity in which is contained the spinal cord, and they 
are arranged one behind the other, forming the "vertebral 
column." The segments which form the vertebral column are 
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called "vertebrae,- and thcjr have the followii^ general struc- 
ture. Each vertebra (fig. 145, A) consists of a central portion 
known as the "body," or "centrum" {i% placed immediatdy 
below the spinal cord, and giving origin to certain "proces s es^'* 
The ends of the bodies of the vertebrae are all united together 
in different ways, so as to give the column great flexitnlity. 
From the back of the body of the vertebra proceed two bony 
arches which unite behind and thus form with the centrum a 
bony canal in which the spinal cord is contained. For this 
reason these arches (n) are called the " neural " arches. From 
the point where the neural arches unite — ^that is to say, from 
the back of the neural canal — ^proceeds a long process^ some- 




Fig. 145. — A, Vertebra (lumbar) of the whale: c Centmm or body; n Nenral 
arches ; s Spinous process ; a Articular process ; d Transverse processes. B, 
Thoracic segment or vertebra : c Centrum of vertebra ; n Neural arches, en- 
closing the canal for the spinal cord; t Spinous process; r Ribs; > Costal 
cartilages; 3 Breastbone or sternum. (After Owen.) 

times cleft at its extremity, termed the " spinous process " (j). 
Springing also from each neural arch is a second shorter pro- 
cess {a) termed the "articular process," since by means of 
these, as well as by the bodies, the vertebrae are jointed or 
"articulated** together. Also arising from the neural arches 
at their junction with the body of the vertebra, there may be 
two lateral processes (if) which are called "transverse pro- 
cesses.'* This is the ordinary structure of the vertd>ra of a 
Mammal, and the names here used are those applied to the 
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parts of the vertebra in human anatomy. In philosophical 
anatomy, however, these parts have proper technical names 
which can be employed for them in all animals alike. The 
nature of this work, however, will not allow of the introduction 
of these here. 

In the typical vertebra the segment is completed by a second 
arch, which is placed in front of or beneath the body of the 
vertebra, and which is known as the "hsmal" arch, as it 
includes and protects the principal organs of the blood- circula- 
tion (fig. 145, B). This second arch is often only recognisable 
with great difficulty, as its parts are generally much modified ; 
but a good example may be obtained in the human chesL Here, 
attached to the front of the vertebrae, we find a series of bony 




arches, known as the ribs {r), followed by a series of cartilagin- 
ous pieces of a similar shape, termed the " costal cartilages" 
(P), the whole united in front by a central bone, known as the 
breastbone or "sternum" (1^). 

As a general nile, amongst the higher Vertebrates, the tol- 
lowing regions may be recognised in the vertebral column : 
Firstly, the cervical region (fig. 146, c), comprising a variable 
number of vertebra:, which constitute the neck, and immedi- 
ately follow the head. Secondly, the cervical region is suc- 
ceeded by a variable number of vertebras which usually carry 
ribs, and are known as the dorsal vertebrx {d), or vertebra; ol 
the back. Thirdly, come certain vertebre_which constitute the 
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umbar region (/), or the region of the loins. Fourthly, there 
usually follows a series of vertebrae which are immovably 

united together to form a single bone, 
which is termed the sacrum (x). Lastly, 
there comes a variable series of verte- 
brae which are usually free and mov- 
able upon one another, and which con- 
stitute the caudal region, or the region 
of the tail (/). 

The nature of the bones which enter 
into the composition of the limbs varies 
somewhat in different Vertebrates in 
accordance with their mode of life; 
but in all the higher members of the 
sub-kingdom the limbs are built upon 
a general and easily recognisable type. 
The fore-limb consists generally of the 
following parts : i. A series of bones 
uniting the limb to the trunk, the two 
most important being the shoulder- 
blade {scapuld) and the collar-bone 
{clavicle) (fig. 147, s and ^r). 2. The 
bone which forms the upper portion 
of the limb proper, and which is known 
as the humerus (Ji). 3. Two bones 
which form the lower portion of the 
limb {e.g., the fore-arm in man), and 
^f,;.'^^'"^''"'!!!",^ ^C ** which are known as the radius and 

Chimpanzee, c Collar-bone, , j \ r i_ • i i /• 

or clavicle; /Shoulder-blade, ulna {r and «), of which the former is 
or scapula ; k Bone of the the bone mainly concerned in carrying 

upper arm, or humerus ;r., ij e e ^ a i. 

Radius ;« Ulna ;^ Bones of the hand or fore-foot 4. A number 
the wrist, or carpus; m Bones of small bones, which form the wrist, 

°J..t\;~: fp '»:„« "of\h: ^nd are termed the carpus (rf). 5. The 
digits, or phalanges. Cylindrical bones (usually fivt in num- 

ber) which form the root of the hand, 
and are known as the metacarpus {m). 6. The bones which 
form the fingers proper, and which are known as the pha- 
langes {p). 

Essentially the same parts can be traced in the hind-limb of 
a typical Vertebrate animal, but they are known by different 
names. The bones which unite the limb to the trunk are 
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usually more or less completely united together, constituting a 
single mass, known as the innominate bone (fig. 148, t). This 
is followed by a long cylindrical bone, which forms the upper 
portion of the hind-limb, and is known 
as the " thigh-bone," ox femur (/). Fol- 
lowing this are the two bones of the 
shank, corresponding to the radius and 
ulna of the fore-limb, and known as the 
tibia and fibula (/ and s). Of these, the 
tibia (/) corresponds to the radius, and is 
mainly concerned in carrying the foot. 
Next comes a series of small bones, 
which form the ankle, and are known as 
the tarsus (r). This is succeeded by a 
series of cylindrical bones (usually five 
in number), which form the root of the 
foot, and which are termed the metatarsus 
(ni). Finally, the metatarsus is succeeded 
by the bones of the toes, which in this 
case are again termed the phalanges {p). 
In both limbs the usual number of phal- 
anges to each toe or " digit" is three. 

The digestive system of the Vertebrata 
does not require a lengthened notice. 
The mouth is usually furnished with 
teethf which have for their chief function 
the reduction of the food to a condition 
in which it can be digested. In some 
animals, however, such as the snakes, the 
teeth are only used to hold the prey, and 
not for mastication ; and in others, such 
as the turtles and birds, the jaws are 
not furnished with any teeth at all. The 
food is also usually subjected in the mouth to the action ot 
a special fluid — the saliva — which acts chemically as well as 
mechanically upon the food, and which is secreted by special 
grlands, known as the " salivary glands." From the mouth the 
food passes through a muscular tube — the gullet, or cesopkagus 
{fi%. 149, ^) — to the proper digestive cavity, or stomach (s). 
Here it is subjected to the action of a special digestive fluid — 
the " gastric iuice" — ^and is converted into a thick pasty fluid, 
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Fig. 148.— Hind-limb of the 
Chimpanzee. ( Innomi- 
nate bone ;/"Thigh-bone, 
or femur ; t Tibia ; x 
Fibula ; r Bones of the 
ankle, or tarsus ; m Meta- 
tarsus ; / Phalanges. 
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which is called chyme. From the stomach the chyme passes 
into a long convoluted muscular tube, which is called the 
"small intestine" ism). Here it is subjected to the action 
of two other digestive fluids, 
called the "bile" and "pan- 
creatic juice," as well as to the 
fluids secreted by the intestine 
itself. The bile is secreted by 
a large gland, which is known 
as the " liver," whilst the pan- 
creatic juice is produced by 
another, termed the " pancreas,' 
both pouring theirsecretion into 
the upper part of the small intes- 
tine. By the combined action 
of these digestive fluids the 
chyme is ultimately converted 
into a. milky fluid, which is 
called chyle, when it is fit to be 
taken up into the blood-vessels. 
The small intestine 6nally 
opens into a tube of larger 
diameter, which is called the 
" large intestine" (/m), and thb 
opens on the surface of the 
body by an anal aperture. In 
he large intestine the last re- 
Fig. 119. — DigMiive sysiem of a maining portions of the food 
( stomich ; im 5m>]] inieiHnc ; which cau be rendered useful 
im Liirgt iniHiini i r L«je Ln- are absorbed into the blood, the 
tio'n!^™ib^''"A(:w^'*°*' ^' indigestible portions being ul- 
timately got rid of as useless. 
The fluid products of digestion {chyle) are chiefly absorbed from 
the intestinal canal by a set of special vessels, which are present 
in all Vertebrates, and which are called the lacteals, from the 
milky fluid they contain. These lacteals combine to form a 
lai^e trunk, by which their contents are ultimately added to 
the circulating blood. Part of the products of digestion are 
absorbed by the veins which ramify on the intestinal canal, and 
which ultimately unite to form a great vessel, called the " vena 
portK," which goes to the liver. The materials, however, which 
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are taken up in this way also ultimately reach the circulating 
blood. In this way, therefore, fresh matter is being constantly 
added to the blood to replace the waste caused by the perform- 
ance of the vital functions. 

The blood is thus formed out of the materials which are 
taken into the alimentary canal as food ; and in all the Verte- 
brata (with one exception) it is of a red colour, when viewed in 
mass. This is due to the presence in it of numerous microsco- 
pical particles, which are known as the " blood-corpuscles," the 
fluid itself being colourless. In fig. 150 are represented some 
of the forms of blood-corpuscles which are found in different 
divisions of the Vertebrata, 
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Fig. 150. — Blood-corpuscles, magnified, a Man ; b Goose ; c Crocodile ; 

d Frog ; e Skate. 

The blood is always distributed through the body by means of 
a system of closed tubes, which constitute the " blood-vessels," 
and with the single exception of the Lancelet, it is always pro- 
pelled by means of a contractile muscular cavity or '* heart." 
The heart and other circulatory arrangements differ consider- 
ably in different classes of the Vertebrata, but these differences 
will be best considered at a later period. Respiration in all the 
Vertebrata is effected by means of distinct breathing-organs, 
assisted in many cases by the skin. In the water-breathing 
Vertebrates, such as fishes, the respiratory organs are in the 
form oi gills or branchiae, which are richly supplied with blood, 
and are exposed to the influence of water holding oxygen in 
solution. In the air-breathing Vertebrates, the breathing-organs 
are in the form of lungs. These essentially consist of cellular 
or spongy organs, placed in the cavity of the chest, richly fur- 
nished with blood-vessels, and receiving constant supplies of 
fresh air by means of a tube which opens in the throat and is 
known as the "windpipe," or trachea. In the higher Vertebrates 
the heart becomes a double organ, one side being concerned 
wholly with driving the impure {venous) blood to the lungs, 
whilst the other side propels the pure oxygenated (arterial) 
blood to all parts of the body. 

Q 
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The waste substances of the body — of which the most iinport- 
ant are water ^ carbonic acid, and the peculiar substance called 
urea — are got rid of by the skin and lungs, but principally by 
two glands which are called the kidneys. The excretion of urea 
from the body, as a general rule, is wholly effected by means 
of the kidneys alone; and this is their most important function, 
as the retention of this substance within the body rapidly causes 
death. The secretion of the kidneys is sometimes got rid of by 
means of special canals appropriated to this alone; but in the 
lower Vertebrata it is discharged into the hinder extremity of 
the alimentary canal, and is evacuated along^ with the undigested 
portions of the food. 

The nervous system varies greatly in its development in the 
Vertebrata. In the little fish called the Lancelet, the main 
mass of the nervous system consists of a cord of nervous matter, 
representing the spinal marrow, but not having in front any 
enlargement which represents the brain. In all the other Ver- 
tebrata the central masses of the nervous system (termed the 
cerebrospinal axis) consist of a nervous cord (the spinal cord) 
contained in the canal formed by the neural arches of the verte- 
brae, and of an anterior mass of nervous matter, which is pro- 
tected by the skull,and is termed the "encephalon," or brain. The 
size and development, however, of the brain vary enormously in 
different Vertebrates ; and in the lower forms the brain is little 
more than an aggregation or collection of nervous masses or 
" ganglia," which are connected with the special senses, sight, 
hearing, taste, and smell, special organs for which are present 
in almost all the Vertebrata. 

Reproduction in the Vertebrata is always truly sexual, the 
sexes are always in different individuals, and in no case are 
compound organisms produced by a process of budding or fis- 
sion. Most are oviparous, producing eggs from which the 
young are developed. Some retain the eggs within the body 
till the young are hatched, but no direct connection is estab- 
lished between the young animal and the parent; and these 
are sometimes said to be ovo-viviparous. The higher Verte- 
brates, however, bring forth their young alive, and are said to 
be viviparous (Latin, vivus, living ; and/^w, I bring forth). 

Primary Uivisions of the Vertebrata. — The Vertebrata 
are variously divided into great primary sections by different 
writers, and all of these divisions have more or less merit 
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Here, however, the classification proposed by Professor Huxley 
will be followed, and it is not necessary to enter into any consi- 
deration of the others. It has also been thought advisable to 
g^ve in this place a brief account of the leading characters 
which separate these divisions from one another, though it is 
not to be expected that the learner will be able to appreciate 
the full value of these characters till he has completed his study 
of the Vertebrata as a whole. 

The Vertebrata are divided by Professor Huxley into the fol- 
lowing great divisions : — 

I. ICHTHYOPSiDA (Gr. ickthus, a fish ; and opsis^ appearance). 
— In this section are included the fishes (Class Pisces), and the 
frogs, newts, and their allies (Class Amphibia). They are all 
characterised by the fact that they possess gills or branchiae, 
either throughout life or during the earlier stages of their exist- 
ence; that they possess nucleated red blood - corpuscles (/>., 
blood-corpuscles with a central particle or nucleus, fig. 150, d, e), 
and by certain embryonic characters as well. From the tem- 
porary or permanent possession of gills, they are often spoken 
of as the Branchiate Vertebrates. 

II. Sauropsida (Gr. saura, a lizard ; and opsis, appearance). 
— In this division are the birds (Class Aves), and the true rep- 
tiles (Class Reptilia), They are characterised by the fact, that 
at no time of their life are they ever provided with gills ; that 
the skull is jointed to the vertebral column by a single articulat- 
ing surface (or condyle) ; that the lower jaw is composed of 
several pieces, and is united to the skull by means of a special 
bone (called the os guadratum) ; that they possess nucleated 
red blood-corpuscles (fig. 150, b, c\ and by certain embryonic 
characters as well.* 

III. Mammalia (Lat. mamma^ the breast). — In this division 
are all the ordinary quadrupeds ; characterised by the constant 
absence of gills ; by the skull being jointed to the vertebral 
column by two articulating surfaces (or condyles); by the fact 
that the lower jaw is composed of only two pieces, and is not 

* Recent researches have led to the belief that the appearance of nuclei in the red 
blood<corpa8cles of the Oviparous Vertebrates is due to changes taking place after 
death and that these structures are not present during life. 



244 VERTEBRATE ANIMALS. 

united to the skull by means of a special bone (the quadrate 
bone) ; by having non-nucleated red blood-corpuscles (fig. 150. 
a); and by having special glands — the mammary glands — 
which secrete a special fluid — the milk — ^by whigh the young 
are nourished for a longer or shorter period after birth. 

These three primary divisions comprise the ^\^ g^eat classes 
into which the Vertebrata are divided : — 

1. Pisces (Fishes). 

2. Amphibia (Frogs, Newts, &c.) 

3. Reptilia (True Reptiles). 

4. ^z/^j (Birds). 

5. Mammalia (Quadrupeds). 
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CHAPTER XXIV. 

CLASS I. PISCES. 

The fishes form the lowest class of the Vertebrata, and they 
may be broadly defined as being Vertebrate animals provided 
with gills^ whereby they are enabled to breathe air dissolved 
in water ; the heart, when present, consists of a single auricle 
and ventricle (with the exception of the mud-fishes) ; and the 
limbs, when present, are in the form of fins, or expansions of 
the integument. 

In their external form, fishes are in most cases adapted for 
rapid locomotion in water, the shape of the body being such as 
to cause the least possible friction in swimming. To this end, 
as well as for purposes of defence, the body is generally en- 
veloped in a species of chain-mail formed by overlapping scales, 
to which bony plates, tubercles, and spines are sometimes 
added. Valuable characters can sometimes be drawn from the 
nature of the scales, and with a view to this the integumentary 
appendages of fishes have been divided by Agassiz as follows 
(fig. 151):— 

1. Cycloid sc3\ts {a\ consisting of thin, flexible, homy scales, 
which are circular or elliptical in shape, and have a smooth 
outline. These scales occur in most of our common fishes {e.g., 
the pike). 

2. Ctenoid scales {b). These resemble the cycloid scales in 
being thin, flexible, horny scales, but they are distinguished by 
having their hinder margins cut into comb - like projections, 
or fringed with spines. The common perch supplies a good 
example of these scales. 

3. Flacoid scales (^r, d). These are detached bony grains. 
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tubercles, or plates, scattered through the skin, and sometimes 
armed with projecting spines. 
4. GaiKid scales («), composed or a layer of true bone, covered 
by a layer of hard polished 
enamel. These scales are 
usually much thicker and 
larger than the ordinary 
scales; they are often oblong 
or rhomboidal in shape ; they 
are often connected together 
by little processes ; and they 
generally are in contact by 
their edges, but rarely overlap 
one another. In most fishes 
there is also to be observed a 
line of peculiar scales, forming 
what is called the " lateral 
' line." Each of the scales of 
: this line is perforated by a 
ninute tube, which leads into 
I longitudinal canal, believed 
to secrete the mucus with which the general surface is lu- 
bricated, or to have some sensory-function. 

As regards the true internal skeleton, fishes differ vety widely 
from one another, but the skeleton is so complicated that only 
a few of the most important points can he mentioned here. In 
one fish — the Lane el et— there can hardly be said to be any true 
skeleton, the vertebral column being represented permanently 
bylhe semi-gelatinous notochord (fig. 157). In others, such as 
the Lampreys, Sturgeons, and Rays, the skeleton remains per- 
manently in the condition of gristle (cartilage); in others, it 
is partially cartilaginous and partially ossified ; and, lastly, in 
most modem fishes it is completely converted into bone. The 
•vertebral column in a bony fish consists of a number of vertebra! 
which are hollow or cup-shaped at both ends (biconcave or 
"amphicoelous"), the cup-like margins being united together by 
ligaments. The cavities formed by the apposition of the ver- 
tebrae arc filled with the gelatinous remains of the notochord. 
This gelatinous elastic substance acts as a ball-and-socket joint 
between the vertebrie, thus giving the whole spine the extreme 
flexibility which is essential to animals living in a watery 



Fig. ist. — Seals of diffen 
Cycloid Kilt (Pike) ; b Cm 

(Perch); c PiKrad sole (Thonih»dt); ' 
d PUcoid scale <£ Rk 
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medium. The entire spinal column is divisible into no more 
tlian two distinct regions, an abdominal and a caudal. The 
abdominal vertebrae possess a superior or neural arcli, for tlie 
passage of the spinal cord, a superior spinous process, and two 
transverse processes to which the ribs are attached. The caudal 
vcTtebrx have no marked transverse processes; but, in addition 
to the other parts already mentioned, they give off an inferior 
or hatrtal arch, helow the body of the vertebra, and they carry 
ittferior spinous processes (fig. 152, A). The ribs are attached 
to the transverse processes or to the bodies of the abdominal 
vertebne (fig. 152, r) ; and they do not enclose any thoracic 
cavity, or protect the organs which are usually contained in the 
chest — namely, the heart and breathing-organs. The anterior 
or lower ends of the ribs of fishes are free, or are rarely united 




to hard productions of the integument ; but there is never any 
breastbone or sternum properly so called. 

The only remaining bones of the trunk proper are the so- 
called " interspinous bones " (fig, 1 52, ( i). These are a series 
of pointed dagger-like bones, embedded in the middle line of 
the body, between the great lateral muscles which form the 
greater part of the body of a fish. The inner ends or points of 
the interspinous bones are attached by ligament to the spinous 
processes of the vertebra:, and at their outer ends they support 
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the framennork (rsiys; of the so-called "median* fin& As a mle 
there is only one inters|Mnoos bone to each Totefara, bat in the 
flat fishes (sole, torfoot, &c) there are twou The limbs of fishes 
may be wholly wanting, or one pair may be absent, but in no 
case is the number greater than the regular Tertdwate type — 
namely, two pairs. When developed, h ow e v er , the limbs of 
fishes are very different from those of other Vcrt]d>rates» con- 
»sting of expansions of the integument, famished with bony or 
gristly supports or rays, and thus constituting what are called 
** fins'* (dg, 153). The pair of limbs which correspond to the 
arms of man and to the fore-limbs of other Vertebrates are termed 
the pectoral fins, and they are attached to a bony arch which is 
attached either to the back of the skull or to the ^inal column 
(fig. 152, p^ and 153, /). The hind-limbs in fishes are known 




Fig. 153. — Outline of a Fish {Perca groHulaidy, showing the ** paired ** and 
" median" fins. / Pectoral fin ; v Ventral fin ; d First dorsal fin ; d* Second 
dorsal fin ; c Caudal fin ; a Anal fin. 

as the ventral fins (figs. 152, 153, v\ and are not only often 
wanting altogether, but when present are less developed than 
the pectorals and less fixed in their position. They are united 
to an imperfect bony arch, which represents the innominate 
bones, or pelvic arch, of the higher Vertebrates, but which is 
never joined to the spinal column. In some fishes the ventral 
fins are placed far back, and in these the bony arch which sup- 
ports them is freely suspended in the muscles. In others the 
ventral fins are altogether out of position, and are placed be- 
neath or even in front of the pectoral fins ; and in these cases 
the pelvic arch is attached to part of the pectoral arch. The 
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pectoral and ventral fins represent, as just said, the fore and 
hind limbs, and consequently there are always two of each, 
when they are present at all. They are, therefore, spoken of as 
the "paired " fins. Besides these, however, 0/ in the absence of 
one or other of these, there is also a series of what are called 
"median" fins; that is to say, fins which are placed in the 
middle line of the body, and which are unpaired^ having no 
fellows. These median fins agree with the paired fins in being 
expansions of the integument, supported by bony or gristly 
supports or " rays," and they are carried by the heads of the 
"interspinous" bones, already described (fig. 152, it). They are 
variable in number, and in some cases there is only a single 
fringe running round the hinder extremity of the body. Com- 
monly, however, the median fins consist of one or two expan- 
sions of the dorsal integument, called the "dorsal" fins (fig. 
152, d d^; one or two on the ventral or lower surface near 
the vent, called the " anal " fins (a) ; and a broad fin at the ex- 
tremity of the vertebral column, constituting the " caudal " fin 
or tail (^r). 

The tail in all fishes is placed vertically — that is to say, it 
strikes the water laterally or from side to side, and it is the 
chief organ of progression in the fish. Two very distinct types 
of tail are found amongst the fishes. In one of these, found in 




Fig. 154. —A, Sword'iish, shovring homocercal tail ; B, Sturgeon, showing 

heterocercal tail. 

most living forms, the tail is composed of two nearly equal 
lobes which spring from the end of the spine (fig. 154, A). This 
form of tail is said to be " homocercal." In the other type of 
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tail, found in the dog-fishes, sharks, and other living fishes, as 
well as in many extinct forms, the tail is unequally lobed, and 
is said to be " heterocercal " (fig. 154, B). In these forms the 
vertebral column is prolonged into the upper lobe of the tail, 
and the greater portion of the tail is found below the spine. 

In both the paired and the median fins the integument is 
supported by a series of spine -like bones, which are called 
"rays." These rays are sometimes simple undivided rays or 
spines, when they are called "spinous rays" (152, d); but in 
other cases they are both divided by transverse joints, and split 
up into numerous longitudinal branches towards their extremi- 
ties, when they are spoken of as "soft rays" (152, iT), The 
soft ra)'s occur in many fishes in different fins, but they are 
invariably present in the caudal fin or tail. 

As regards the digestive system in fishes, the mouth is usually 
furnished with a complicated system of teeth, developed not 
only upon the jaws, but upon any or every bone which enters 
into the composition of the oral cavity. The gullet opens into 
a stomach, usually of large size, and its hinder aperture (the 
Pylorus^ is usually furnished with a valve. Immediately be- 
hind the pyloric opening of the stomach there are usually a 
variable number of blind tubes (called the "pyloric caeca**), 
which open into the intestine, and which are believed to repre- 
sent the pancreas. In some fishes, however, there is a well- 
developed pancreas, and in others even these tubes are wanting. 
The intestinal canal is a longer or shorter, more or less con- 
voluted tube, and its absorbing surface is sometimes largely 
increased by a spiral folding of the mucous membrane, which 
winds like a screw in close turns from the pylorus to the anus. 
The liver is usually of large size, and saturated with oil, but in 
the Lancelet it is doubtfully represented by a hollow sac-like 
organ. The kidneys in fishes are of great comparative size, 
forming two elongated organs, situated beneath the spine, and 
extending along the whole length of the abdomen. 

Respiration in all fishes is aquatic, and is effected by means 
of gills or branchice, in all except the Lancelet, in which respira- 
tion is effected by branchial filaments placed round the pharynx, 
and also by a greatly developed pharynx perforated by ciliated 
apertures (fig. 157). The arrangement and structure of the gills 
in fishes vary a good deal in different orders, and the leading 
modifications -will be noticed hereafter. In the meanwhile it 
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will be sufficient to give a short description of the brancliial 
apparatus in one of the bony fishes. In such a fish the gills 
consist of a single or double series of flat cartilaginous leaflets, 
covered by mucous membrane, richly supplied with blood, and 
arranged on bony or cartilaginous arches which are connected 
with the tongue-bone {kyoid bone) below and with the under 
surface of the head above (fig. 155)! The branchial arches and 




Vtt. 1S5.— Gills ud heart oflbt Perch cipostd by Ihe removal oTlhc^ll-co 
the left lide. a First of Ihe fbut bony arches which carry ihc gill<(j j); 
lower edges of (be gills on the light side ; A Heart. (After Van der Hoevi 



branchis are suspended in cavities placed on the side of the 
neck, and in the ordinary bony fishes there is only one such 
cavity on each side. The water is taken in at the mouth by a 
process analogous to swallowing, and it gains admission to the 
branchial chamber by means of a series of clefts or slits which 
perforate the sides of the pharynx. Having passed over the gills 
and lost its oxygen, Ihe effete water makes its escape behind by 
an aperture called the " gill-slit," which is placed on the side of 
the neck. The opening of the gill-slit is closed in front by a 
chain of flat bones which constitute the " gill-cover," and by a 
membrane which is supported upon a variable number of slender 
bony spines. This is the general mechanism of respiration in 
one of the bony fishes, but different arrangements are found in 
other cases, which will be subsequently noticed. 

The heart in fishes may be regarded as essentially a branchial 
or respiratory heart, being concerned chiefly with driving the 
venous and impure blood to the gills. It consists in almost all' 
cases of two cavities, an auricle and a ventricle (fig. 156). The- 
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auricle (a) receiTCS the venous blood which has passed through 
all the various pans of the body, and propels it into the ytn- 
tricle {v). From the ventricle proceeds a sii^le sreat vessel 
(the "branchial artery'^ the base of which is usually developed 
into a muscular cavity, the " bulbus 
arteriosus ' (m), which acts as a 
kind of additional ventricle. By 
the ventricle and bulhui arUrionis 
the venous blood is driven to the 
gills, where it is subjected to the 
action of the water. The aerated 
blood is not returned to the heail, 
but isdriven from the gills through 
all parts of the body, the propul- 
sive force necessary for this being 
derived partly from the heart, and 
partly from the contractions of the 
niuscles between which the blood- 
vessels pass. The essential pecu- 
liarity of the circulation of &shes 
consists in this, that the arterial- 
ised blood returned from the gills 
is propelled through the general 
vessels of the body (systemic 
vessels) without being sent back 
to the heart. In the Lancelet, 
alone of all Ashes, there is no 
Fig.is6.— DiigramorihtCinaiUiioB single heart, and the circulation 
in»Fi«h. Thennerialiiritcinisn!- is effected by means of contractile 
Hieftlighi. n Auricle, receiving ih« dilatations Situated upon several 

venoui blood fromihe body ipVen- of thc VCSSCls. In the Mud-fishes 

chw'ime'ry''^i^T"the'venoui {Z^pttiosireH) iht heart Consists of 
blood lo ihe' giiii li); c Greai <y>- two auncles and a ventricle. In 
KinicvtiMi,iaiiyingihe pure blood all cases the blood is cold, or, in 
other words, has a temperature 
very little, or not at all, higher than that of the surrounding 
medium. The blood-corpuscles (fig. 150, e) are always nucle- 
ated, and, except in the Lancelet, are all mostly red. 

Whilst the respiration of all fishes is truly aquatic, most are, 
nevertheless, furnished ^ith an organ which doubtless corre- 
sponds to (or is homologous with) the lungs of the higher Verle- 
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brata. This is known as the "air" or "swim-bladder," and is 
a sac filled with gas and situated between the alimentary canal 
and the kidneys. In most cases the sac contains only a single 
cavity, but in many instances it is variously divided by parti- 
tions. In most fresh-water fishes the gases in the swim-bladder 
are mainly composed of nitrogen, but in the sea-fishes it is 
chiefly filled with oxygen. The sac of the swim-bladder is 
often closed, but in other cases it opens into the gullet by means 
of a duct which corresponds to the windpipe. In the great 
majority of fishes the functions of the air-bladder are mainly 
hydrostatic — that is to say, it serves to maintain the necessary 
agreement between the specific gravity of the fish and that of 
the surrounding water. In the singular Mud-fishes (Lepido- 
siren), the air-bladder is composed of two distinct sacs, divided 
into a number of cellular compartments, and opening into the 
gullet by a tube. In these fishes it acts as a respiratory organ, 
and is therefore, not only in structure, but also in function, the 
representative of the lungs of the other Vertebrates. 

The nervous system of fishes is of an inferior type of organisa- 
tion, the brain being of comparatively small size, and consisting 
of a collection of ganglia. As regards the organs of the senses, 
two peculiarities deserve notice. In the first place, though 
fishes possess the essential parts of the organ of hearing, they 
possess no external ears, and in no case is there any direct com- 
munication between the ear and the outer world. In the second 
place, the organs of smell consist of a double cavity lined by a 
mucous membrane folded into numerous plaits, into which 
water is admitted, usually by two distinct apertures or nostrils. 
Behind, however, the nasal sacs are closed, and they do not 
communicate by any aperture with the throat, as they do in all 
the higher Vertebrates. The only exceptions to this rule are 
the Hag-fishes and their allies {Myxinoids\ and the Mud-fishes 
{Lepidosiren), 

As regards their reproductive system, most fishes are truly 
oviparous, and the ovaries are familiarly known as the " roe." 
Some fishes are ovo-viviparous, retaining their eggs within the 
body till the young are hatched. The male organs of reproduc- 
tion are commonly spoken of as the " milt" or " soft roe." 
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CHAPTER XXV. 

ORDERS OF FISHES. 

The number of different kinds of fishes is so enormous that 
nothing further will be attempted than merely to give an outline 
of the leading peculiarities which distinguish the diflferent 
orders. The classification here adopted is the one proposed by 
Professor Huxley, who divides the class Pisces into the following 
six orders : — 

1. PharyngobranchiL 

2. Marsipobranchii, 

3. Teleostei, 

4. Ganoideu 

5. ElasmobranchiL 

6. DipnoL 

Order I. Pharyngobranchii {Gr. pharugx, the upper part 
of the gullet ; and bragchia, gills). — This order of fishes includes 
only a single animal, the anomalous Amphioxus, or Lancelet, 
the organisation of which differs in almost all its important 
points from that of all the other members of the class. In fact, 
the Lancelet presents us with the lowest type of organisation as 
yet known in the Vertebrata, The Lancelet is an extraordinary 
little fish, from one and a half to two inches long, which bur- 
rows in sand-banks in various seas, but is especially abundant 
in the Mediterranean. The body is lanceolate in shape, and is 
provided with a narrow membranous border, of the nature of 
a median fin, which runs along the whole of the dorsal and a 
portion of the ventral surface, and expands at the tail to form a 
lancet-shaped caudal fin. There are no true "paired" fins, 
representing the fore and hind limbs. The mouth is a longi- 
tudinal fissure, placed at the front of the head, and completely 
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destitute of jaws, but surrounded by a number of cartilaginous 
filaments. The throat is provided with several leaf-like fila- 
ments which are richly supplied with blood, and are believed 
to discharge in part the function of gills. The mouth (fig. 157, 
o) opens into a dilated chamber, which is believed to represent 
the pharynx, and is termed the pharyngeal or " branchial " sac. 
The walls of this chamber (H) are strengthened by numerous 
cartilaginous filaments, between which are a series of transverse 
slits or clefts, and the whole is covered with a richly ciliated 
mucous membrane. The function of this sac is clearly respira- 
tory, the water from without being admitted through the mouth, 
passing through the branchial clefts into the abdominal cavity, 
and finally escaping by means of an aperture placed on the 
ventral surface a little in front of the anus. From the hinder 
end of the branchial sac proceeds the alimentary canal, which 
has appended to it a sac-like organ believed to represent the 
liver, and which terminates behind in a distinct anal aperture. 




Fig. 157.— The Lancelet (Am/Aioxus ianceolatus), enlarged to twice its natural 
size, o Mouth ; b Branchial sac ; g Stomach ; h Diverticulum representing the 
liver ; s Intestine ; a Anus ; n Notochord ; /RudimenU of fin-rays ;> Abdominal 

p(H«. 

There is no heart, and the circulation is entirely effected by 
means of several contractile dilatations, developed upon the 
great blood-vessels. The blood itself is colourless. No kidneys 
have hitherto been discovered, and the reproductive elements 
are emitted into the abdominal cavity, from which they escape 
by the pore placed upon the lower surface. 

There is no skeleton properly so called. The notochord {n) 
remains throughout life as a semi-gelatinous rod, enclosed in a 
membranous sheath, and supporting the spinal cord. There 
is no skull, and the spinal cord does not expand in front to 
form a distinct brain or encephalon. The brain, however, may 
be said to be represented, as the front portion of the nervous 
axis gives off nerves to a pair of eyes, and another branch to a 



be a rudimentary organ of 



ciliated pit, which is believed t 
smell. 

Order II, Marsipobranchii (Gr. marsipos, a poucli ; brag- 
ckia, gills). — This order includes the Hag-fishes {Myxinida) and 
the Lampreys {Peiromysonida), and it is defined by the follow- 
ing characters : The body is cylindrical and worm-like, and is 
destitute of limbs. The skull is cartilaginous, there is no lower 
jaw, and the notochord remains through life, so that there is no 
vertebral column. The heart is composed of an auricle and a 
ventricle, but there is no bulbus arieriosus. The gills are pouch- 
like, communicating with the throat on the one hand, and open- 
ing externally on the other by means of apertures placed on the 
sides of the neck. 

The Hag-fish {Myxine) is an eel-like fish {fig. 158, A), which 
agrees with the Lampreys in having neither pectoral nor ventral 




Fig. isS.— MoTphology of Husipabranchii. A. Myxint glutinoiit. Oh Hag-6>h. 
ihowbig Ihe sucker-like moulb, ind Ihe Iwo xnlrBt opcDimi (A] b; which ihe 
watET escapu from Ihe gills. B, The River Lamprey or Lampecn {Pitramrtn 
fl-aiatlUti, showing the seven branchial apenurei on Ihe tide of Ihe neck. C, 
Branchial orpuu of Myxiiu; e The gullel laid open, showing the opening! 



fins, the representatives of the fore and hind limbs. The mouth 
is of a very remarkable character, and enables the Hag-fish to 
lead a very peculiar existence. It is generally found embedded 
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in the interior of some large fish, into which it has penetrated 
by means of a single serrated and recurved fang attached to the 
centre of the palate. The mouth itself is destitute of jaws, and 
forms a sucking disc or cup. Another remarkable peculiarity 
of the Hag-fishes is found in the structure of the nose. In all 
fishes, namely, except these and the Mud-fishes {Lepidosiren 
and Ceratodus\ the nasal chambers are closed behind, and do 
not communicate with the cavity of the mouth, as they do in the 
higher Vertebrates. In the Myxinoids, however, such a com- 
munication does exist. The nasal sacs are placed in commu- 
nication with the throat (pharynx) by means of a canal which 
perforates the palate. A second canal leads from the nasal 
cavities in front to open by an external aperture (the nostril 
or " spiracle ") on the top of the head behind the mouth. 

Another peculiarity, which is best considered in the Lampreys, 
is to be found in the structure of the respiratory organs, from 
which the name of the order is derived. When viewed exter- 
nally, instead of the single g^eat " gill-slit," covered by a " gill- 
cover," as seen in the ordinary bony fishes, the side of the neck 
presents seven round holes placed far back in a line on each 
side. These holes are the external apertures of the gills (fig. 158, 
B), which in thesfe fishes are in the form of sacs or pouches, the 
lining membrane of which is thrown into numerous folds or 
plaits, over which the branchial vessels ramify (fig. 158, C). In- 
ternally the sacs communicate with the cavity of the pharynx, 
by means of a common respiratory tube into which they all 
open. It follows from this arrangement that the gill-pouches on 
the two sides of the neck communicate freely with one another 
through the pharynx. The object of this arrangement is to 
obviate the jnecessity for admitting the water to the gills through 
the mouth, as ordinary fishes do. These fishes are in the habit 
of fixing themselves to foreign objects by means of the suctorial 
mouth ; and when in this position, it is, of course, impossible 
that they can obtain the necessary water of respiration through 
the mouth. As the gill-sacs, however, on the two sides of the 
neck communicate freely with one another through the pharynx, 
water can readily pass in and out. The g^lls are not provided 
with cilia, but the circulation of water is assisted by a kind of 
elastic cartilaginous framework upon which the whole respira- 
tory apparatus is supported, and which acts somewhat like the 
ribs of the higher Vertebrates. 

R 
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The aasal cavities of the Lampreys, unlike those of the Myxi- 
noida, are closed behind, and do not communicate with the 
throat. Some of the Lampreys are permanently inhabitants of 
rivers, but the great sea-lamprey {Pelromyton marittm) only 
quits the salt water and betakes itself to fresh in order to 
deposit its eggs. 

Order III. TELE05TEi(Gr. /^jWot, perfect; and m/aim, bone). 
— The fishes comprised in this order, as implied in their name, 
have a well-ossified or bony skeleton, and they are commonly 
known as the "bony" fishes. Id all the Tehostei, the skeleton 
is bony, the skull is composed of distinct bones, and there is a 
lower jaw. The vertebral column always consists of more or 
less completely ossified vertebrje ; and the two pairs of limbs, 
when present, are in the form of fins, supported by rays. The 
gills are free, comb-like or tufted in shape, and always protected 
by a bony gill-cover. The bulbus arteriosus is not capable of 
. regular contractions, and is separated from the ventricle by only 
a single valve. 




Kg. IS9.— The common Vk,^ {.Pma JlueittUUi\ « G>ll-CflHr, wiih iha gill^Ul 
behind 'a; t One of [he pecioral fini, tho left; c The left Tcnml fio; ^The 
linl donal lin; i^The secood doiul 611; cThe caudal fin or tail; aTbe.anal 



The order TeUosUi comprises almost all the most fomiliar 
tishes, and it will be unnecessary to dilate here upon their struc- 
ture, as they were taken as the type of the class in describing 
the fishes generally. It may be as well, however, to recapitu- 
late some of the leading points in the anatomy of the bony 
fishes. I. The skeleton is always more or less completely ossified, 



ORDERS OF FISHES. 359 

and does not remain cartilaginous throughout life. The noto- 
chord is not permanent, and the vertebral column consists of a 
number of distinct vertebrae. The vertebrae, however, are " am- 
phiccelous," or hollow at both ends, so that there is left between 
each pair a doubly-conical cavity, which is filled with the car- 
tilaginous or semi-gelatinous remains of the notochord. In this 
way an extraordinary amount of flexibility is given to the entire 
vertebral column. In no fish (except the Bony Pike, which 
belongs to another order) is the conversion of the bodies of the 
vertebrae into bone carried further than this. 

2. The integument usually develops scales, and these in the 
great majority of cases are of the forms known as " cycloid " and 
" ctenoid," the former being circular or elliptical horny plates, 
with plain margins ; whilst the latter have their hinder margins 
cut into comb-like projections or fringed with spines (fig. 151, 
a, b). 

3. The anterior and posterior limbs (fig. 159) are usually, but 
not always, present, and when developed they are always in the 
form of fins. These fins may be supported by " spinous rays " 
or " soft rays,** or by both. The spinous rays are simple undi- 
vided bony spines which taper to a point The soft rays are 
doubly divided, splitting up towards their extremities into a 
number of secondary rays, and being also divided by transverse 
joints into numerous short pieces. 

4. Besides the " paired " fins which represent the limbs, there 
is also a series of unpaired or " median ** fins, the rays of which 
are supported upon a series of dagger- shaped bones, deeply 
plunged in the -flesh in the middle line of the body, and known 
as the " interspinous *' bones (fig. 152). The median fins are 
variable in number, but when fully developed they consist of 
one or two fins on the back (the dorsal fins), one or two on the 
ventral surface (the anal fins), and one clothing the posterior 
extremity of the body (the caudal fin, or tail, fig. 1 59). In all the 
Teleostei, the caudal fin has the shape called " homocercal *' — 
that is to say, it consists of two equal lobes— and the vertebral 
column is not prolonged into the upper lobe (fig. 154, A). 

5. The heart consists of two cavities, an auricle and a ven- 
tricle, but the bulbus arteriosus is not rhythmically contractile, 
and is separated from the ventricle by only a single pair of 
valves. 

6. The respiratory organs are in the form of free, comb-like, 
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or tufted gills, enclosed in two cavities placed on the sides of 
the neck. Each of these branchial chambers opens externally 
by a single aperture, the " g^ll-slit," which is protected by a 
chain of bones, forming the " gill-cover," and by a membrane 
supported by bony rays. Internally the branchial chambers 
communicate with the throat by a series of clefts or fissures, 
and the water required in respiration is taken in at the mouth 
by a process analogous to swallowing. 

7. The nasal sacs never communicate behind with the throat 
(pharynx). 

Tabular View of the Main Divisions of the Teleostei. 

Sub-order I. Malacopteri. — Usually a complete series of fins, sup- 
ported by rays, all of which are sq/i, or many-jointed (with the occasioDal 
exception of the first rays in the dorsal and pectoral fins). A swim- 
bladder is always present, and is always connected with the gullet by a 
duct. The skin is rarely naked, and is mostly furnished with cycloid 
scales, but sometimes ganoid scales are present. 

Amongst the more important families in this sub-order are the Eels 
(Muranida)f Herrings {Clupeida), Pikes {Esoctda), Carps {Cyprinida:)^ 
Salmon and Trout {Salmonida), and Sheat-fishes {Silurida), 

Sub-order II. Anacanthini. — Fins entirely supported by soft rays, 
and never by spinous rays. Ventral fins either wanting, or placed 
under the throat, beneath or in advance of the pectorals. 

The two leading families in this sub-order are the Cod, Ling, and 
Haddock family {Gaciidce\ and the Flat fishes {PleuronecHda:), compris- 
ing the Sole, Turbot, Flounder, and others. 

Sub-order III. Acanthopteri.-— Fins vnth one or more of the 
first rays in the form of undivided, inflexible, spinous rays. Scales mostly 
ctenoid. Swim-bladder without a duct. 

The leading families in this order are the Wrasses [CyclolabridiB\ the 
Perches {Percidci)^ the Mackerels {Scomberida)^ the Mullets (Mugilida), 
and the Gobies (Gobiida). 

Sub-order IV. Plectognathi.— -Certain of the bones of the mouth 
(the maxillary and prse-maxillary bones) immovably connected on each 
side of the jaw. Integumentary skeleton in the form of ganoid plates, 
scales, or spines. 

The chief families in this sub-order are the File-fishes (Balisitda)^ 
and the Trunk-fishes {Osiradontida). 

Sub-order V. Lophobranchii. — Gills arranged in little tufts on 
the branchial arches. Integumentary skeleton in the form of ganoid 
scales. 

The two families contained in this division are the Sea-horses {Hipp<h 
campida)^ and the Pipe-fishes (Syngnaihida), 
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Order IV. Ganoidei (Gr. gdnos, splendour, or brightness). — 
The fourth order of fishes is. that of the Ganoidei^ including few 
living forms, but having a g^eat and varied development in past 
geological epochs. The Ganoid fishes are distinguished by the 
imperfect development of the skeleton, which is mostly cartila- 
ginous throughout life, and by having an integumentary skeleton 
composed of ganoid scales, plates, or spines (fig. 151, ^. The 
skull is composed of distinct bones, and there is always a lower 
jaw. There are usually two pairs of fins (pectoral and ventral), 
supported by many series of cartilages, and the ventral fins are 
placed very far back. The first rays in the fins are usually in 
the form of strong spines. The caudal fin or tail is mostly 
heterocercal or unsymmetrical (fig. 154, B). The swim-bladder 
is always present, is often cellular, and is provided with an air- 
duct. The gills and gill-covers are essentially the same as in 
the bony fishes. The heart has one auricle and a ventricle; and 
the bulbus arteriosus is rhythmically contractile, is furnished 
with a distinct coat of muscular fibres, and is provided with 
several transverse rows of valves. 

The best known of the living Ganoids are the Bony Pike 
{Lepidosteus), the Sturgeon {Sturio)^ and the Polypterus, Of 
these, the Bony Pike is found in the rivers and lakes of North 
America. It is a large fish, attaining a length of several feet, 
and it has the body entirely covered with an armour of ganoid 
scales arranged in obliquely transverse rows. The jaws form a 
long narrow snout, armed with a double series of teeth, and 
the tail is heterocercal. The vertebral column is more perfectly 
ossified than in any other fish, the bodies of the vertebrae being 
convex in front and concave behind {" opisthocaslous"). The 
Polypterus (fig. 160, A) inhabits the rivers Nile and Senegal, 
and is remarkable for the peculiar structure of the dorsal fin, 
which is broken up into a series of small detached portions, 
each composed of a single spine in front, with a soft fin attached 
to it behind. Some of the species of Polypterus are stated to 
possess external gills when young, which they lose when grown 
up, thus making an approach to the Amphibia, Many of the 
fossil Ganoids are more or less closely allied to the living Lepi- 
dosteus and Polypterus, 

Another g^eat group of the Ganoid fishes is represented by 
the Sturgeons (SturionidcB), in which the skeleton is always 
very imperfectly ossified, and the head, with more or less of the 
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body, is protected by large ganoid plates, which are often united 
tog:ether at their edges by sutures. The true Sturgeons are 
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chiefly found in the North Sea, the Caspian, and the Black Sea, 
and they are captured when ascending' the great rivers for the 
purpose of spawning. The swim-bladder of the Sturgeons is 
one of the chief sources from which isinglass is prepared, and 
the roe is sold as a delicacy under the name of caviare. The 
place of the Sturgeons in North America is taken by the Paddle- 
fishes {Spatularia). 

The group of Ganoids represented at the present day by the 
Stui^eonsand Paddle-fishes was formerly represented by nume- 
rous remarkable fishes, which are most abundant in the system 
of rocks known to geologists as the " Old Red Sandstone." 
The graphic descriptions of Hugh Miller have placed many of 
these fishes before us as living pictures, but space will not allow 
of any further notice of them here. One, however, of the more 
striking forms is figured below (fig. i6i). 

Order V. Elasmobranchii (Gr. elasma, a thin plate ; and 
bragckia, gills).— This order includes the Sharks and Rays, and 
is distinguished by the following characters : The skull and 
lower jaw are well developed, but the skull is not composed of 
distinct bones, and simply forms a kind of cartilaginous box. 
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The vertebral column is sometimes cartilaginous; sometimes 
composed of distinct vertebne. The integumentary skeleton 
is in the fonn oi placoid scales (fig. 151, c) — that is to say, of 
detached grains, tubercles, or plates. There are two pairs of 
fins, corresponding to the fore and hind limbs, and the ventral 
fins are placed far back, close to the anus. The heart consists 
(rf an auricle and ventricle ; and the bulbiu arteriosiu is rhyth- 




Fig. 161,— CViid2it^£^itaLi, fronlhcOldRedSuiditiBMsf ScaduxL 

mically contractile, is provided with a distinct coat of muscular 
fibres, and is furnished with several transverse rows of valves. 
Tile gills are fixed, and form a number of pouches, which open 
intemally into the pharynx, and communicate with the outer 
world by a series of apertures placed on the side of the neck 
(fig. 162}. The intestine is very short, but to compensate for 
this, the mucous membrane is thrown into a fold, which winds 




Ftg. i£i— A, H«ul of B Kked Doj-fiih (jy/iutT), ibewfng ibe tmnvnH moiuh 
IM the under side of tbe hud, isd [he gllt-tUu on the lide of [ha mck. B, 
Diicnua [0 illumu the ^-uce of the Shuki : * t Eitaratil upettum ; i I 
ApetntRi leading into the phmrni ; j t Gill-iaa. conlainuig the fixed gilli. 

mmd the intestine in close turns from the pyloric orifice of 
tbe stomach to the anusi and which thus greatly Increases its 
absorbing surlace. 
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The best-known members of this order are the Sharks and 
Rays, but numerous extinct forms testify to its g^at abundance 
in past geological epochs. 

Tabular View of the Divisions of the Elasmobranchii. 

Sub-order I. Holocephali. — ^The mouth placed at the end of 
the head, and the external opening of the gills in the form of a single 
gill-sUt 

The best-known member of this sub-order is the Chinutra monstrosa, 
sometimes called the **King of the Herrings." 

Sub-order II. Plagiostomi. — Mouth transverse, placed on the 
under surface of the head ; external opening of the gills in the form of 
several slits on each side of the neck, not protected by a gill-cover. 
Fam, a, CestraphorL—Ex, Port- Jackson Shark. 
Fam, b, Selachii, — Ex, Sharks and Dog-fishes. 
Fam, c, Batides, — Ex, Rays. 

Order VI. Dipnoi (Gr. di, double ;;^«^7^, breath).-— The best- 
known, and until lately the only, forms included in this order are 
the very singular Mud-fishes {Lepidosiren), which are of great 
interest from the many points of affinity which they exhibit to 
the Amphibia, The body of the mud-fish (fig. 163) is completely 
fish-like, and is protected by a covering of small, horny, over- 
lapping scales, which have the cycloid characters. There are 
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Fig. 163. — Lepidosiren annecienSf the Mud-fish. > Pectoral limbs ; v Ventral limbs. 

two pairs of limbs, but these are in the form of awl-shaped 
organs, each supported by a single jointed cartilaginous rod. 
The pectoral limbs have a membranous fringe inferiorly, and 
the ventrals are placed very far back. There is also a median 
fin behind, forming a continuous fringe round the compressed 
tail, and supported by cartilaginous rays. 

The skull is composed of distinct bones, and there is a lower 
jaw ; but the notochord is persistent, and there are no bodies 
of vertebrae developed. The respiratory organs are two/old, 
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consisting, firstly ^ of free filamentous branchiae or gills, con- 
tained in a branchial chamber, which opens externally by a 
single vertical gill-slit ; and, secondly, of true lungs, in the form 
of a double cellular air-bladder communicating with the gul- 
let by means of an air-duct or windpipe. Sometimes, if not 
always, there are rudimentary external gills as well, placed on 
the side of the neck. The heart consists of a ventricle, and of 
two auricles, divided from one another by an incomplete parti- 
tion. Lastly, the nasal sacs open behind into the throat, and 
do not form closed chambers opening only by the nostrils, as 
they do in all other fishes except the Myxinoids. The two best- 
known species are the Lepidosiren paradoxa from the Amazon, 
and the Z. annectens from the Gambia. They both inhabit 
marshy tracts, and both appear to be able in the dry season to 
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Fifl^. 164. — Ceratodus Fosteri^ the Australian Mud-fish, reduced in size. 

bury themselves in the mud, and to form a kind of chamber, in 
which they remain dormant till the rains of the wet season set 
them free. 

Recently there has been discovered in the rivers of Queens- 
land (Australia) a singular fish, which has been referred to this 
order, under the name of Ceratodus Fosteri (fig. 164). It is 
known to the natives as the " Barramunda," and attains a length 
of from three to six feet. The body is covered with large cycloid 
scales, and the tail is homocercal. This fish presents many 
remarkable points of resemblance to some curious fossil forms. 
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CHAPTER XXVL 

CLASS IL AMPHIBIA. 

This class of VerUbrnta comprises the Frogs and Toads, the 
Newts and Land-salamanders, the CetdluE, and some extinct 
forms, and it may be briefly defined as follows : In aU cases 
gills or branchiae adapted for aquatic respiration are present 
during a part or the whole of life ; but in all cases true lungs 
adapted for breathing air are ultimately developed, even when 
the gills are retained through life. All pass through some sort 
of a metamorphosis after being set free from the t^. The 
limbs may be absent or there may be only one pair, but in no 
case are they ever converted into fins. When median fins are 
present, as is sometimes the case, these are never furnished 
with fin-rays or interspinous bones, as in the fishes. The skull 
always articulates with, or is jointed to, the spinal column by 
two articular surfaces or condyles. The heart consists of two 
auricles and a single ventricle. The nasal sacs always open 
behind into the mouth; and there is a common cavity or 
" cloaca " which receives not only the termination of the intes- 
tine {rectum\ but also the ducts of the kidneys and of the repro- 
ductive organs. 

The great and distinguishing character of the Amphtbia is 
that they invariably undergo some kind of metamorphosis after 
birth ; though in some rare cases the eggs are retained so long 
within the body of the parent that there is little or no obvious 
change. In the great majority of cases, however, the Amphibi- 
ans commence life as water-breathing larvae, provided with 
gills; but in their adult state they possess two air-breathing 
lungs, the gills sometimes disappearing when the lungs are 
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developed, but being sometimes retained throughout life. In 
the most of cases the gills are external, placed on the sides of 
the neck, and not contained in a special cavity, thus differing 
altogether from the gills of fishes. In the Frogs and Toads, 
and in some others, there are two sets of gills, one external and 
the other internal, of which the former is soonest lost. The 
lungs of the Amphibians never attain a very high state of 
development; and in those forms in which the gills are retained 
throughout life, the chief business of respiration appears to be 
carried on by the gills. In accordance with the changes in the 
respiratory process, corresponding alterations take place in the 
blood-vessels. With the development of the lungs the vessels 
which carry blood to them (the pulmonary arteries) increase in 
size, whilst the branchial vessels, which carry the blood to the 
gills, undergo a proportionate diminution. At first the condi- 
tion of the ch'culation is very much the same as it is in fishes, 
but ultimately it becomes nearly the same as in the true reptiles. 
The Amphibia are divided into three living and one extinct 
order, as follows : — 

1. Ophiomorpha. 

2. Urodela, 

3. Anoura, 

4. Labyrinihodontia, 

Order I. Ophiomorpha (Gr. ophis, a serpent ; and morphe, 
form). — This order is an extremely small one, and, as its name 
implies, it comprises certain snake-like Amphibians. The order 
includes only the curious animals known as Ccecilice (fig. 165), 
which are found in Java, Ceylon, South America, and Guinea. 
The body is entirely destitute of limbs, and is enclosed in an 
integument which is thrown into numerous transverse wrinkles, 
and sometimes has numerous horny scales embedded in it. 
The eyes are concealed by the skin, and are rudimentary. 
There is no tail, and the anal aperture is placed almost at the 
extreme end of the body. When adult, respiration is carried 
on by means of lungs, but gills are present in the young, and 
there can therefore be no doubt as to their being genuine 
Amphibians. 

The CcBcilice are found burrowing in marshy gpround, and 
they are not unlike large earth-worms in appearance, but they 
sometimes attain a length of several feet 
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Order II. Urodela or Ichthyomorpha (Gr ichthus, a. 
fish ; and morfihe, shape).— In this order are a number of fish- 




like Amphibians, of which the Newts and Land -salamanders 
are the most familiar examples. In all the members of this 
section the skin is naked, and never develops any hard struc- 
tures, and in all there is a well-developed fish-like tail, which is 
retained throughout life. The vertebrfe are sometimes hollow 
at both ends {amphiccelous), sometimes hollow behind and con- 
vex or rounded in front {opislhoc<Elous). The ribs are rudimen- 
tary, and the bones of the fore-arm {radius and ulna), and of 
the shank {tibia ktA fibula), arc separate, and are not combined 
so as to form single bones. 

The Ichthyomorpha are not unfrequently spoken of as the 
" Tailed " Amphibians {Urodela), and they fall into two natural 
sections, according as the gills are permanently retained 
throughout life, or are cast off before maturity is attained. 
The animals belonging to the first section are often called 
'* perennibranehiate," whilst those belonging to the second are 
said to be "caducibranchiate." 

Among the Perennibranehiate forms, in which the gills are 
permanently retained after the lungs make their appearance. 
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tne'best-known examples are the Axolotl (fig. 166), the curious 
Proteus anguiniis, and the Mud-eel {Siren). Tlie Axolotis 
inhabit various of the lakes 
of the American continent, 
the best - known species 
being the Siredon pisci- 
forme of the Mexican lakes 
(lig. 166). It attains the 
length of a foot or more, 
and possesses both pairs of 
limbs, the fore-feet having 
four toes, the hind-feet five 
toes. The branchiae arc in 
the form of three long rami- 
fied processes on each side 
of the head ; and the tail is 
compressed, and fringed 
by a iin which is prolonged 
on the back between the 
shoulders. In a state of 
nature, the Axoioti is cer- 
tainly perenni branchiate, 
and it breeds freely in this 
condition. It has been 
shown, however, by Prof. 
Marsh, of New Haven, that 
some species, when kept in 
confinement, lose theirgills, 
and undergo certain other 
changes, becoming ulti- 
mately converted into a 
Salamandroid, apparently 
belonging to the genus 
Amblystoma. 

The Proteus is an extra- pi^ ,M.-Thr Aioio 
ordinary Amphibian which —after Tegeuneicr 
is found inhabiting the ""*' P^r^'"™' ^™ 
waters of caves in Illyria and Dalmatia. It attains a length of ' 
about a foot, and is of a pale flesh-colour or nearly white. The ■ 
gills, which are retained throughout life, are of a bright scariel. 
Both pairs of limbs are developed, but they are only short and 
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weak, the fore-limbs having three toes each, and the hind-limbs 
only two. The eyes are extremely small, the animal spending 
its existence in darkness ; and swimming is effected manly by 
means of the tail. The Siren or Mud-eel is a lai^e lizard-like 
Amphibian, which is found abundantly in the swamps of South 
Carolina, and attains the great length of three feet. The ei- 
ternal branchiae are retained throughout life, and they are the 
main organs of respiration. The fore-limbs are present, but 
the hinder pair of limbs is never developed. 

The " caducibranehiate " section of this order is characterised 
by the fact that both pairs of limbs are always developed, and 
the branchias are never retained throughout life. The most 
familiar examples are the Water-salamanders or Newts (Triton), 
and the Land-salamanders. The Newts (Sg. 167), are well 
known as inhabiting pools in our own country, and the young 
lead a strictly aquatic life. When the lungs arc developed the 
external gills wholly disappear ; and the respiration becomes 
strictly aerial, though the animals still spend a great part of 
their time in the water. The larva or young form is at first 
destitute of limbs, and the fore- limbs are the first to be 
developed, the reverse of this taking place in the Frogs. In 
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accordance with their mode of life, the tail is compressed and 
flattened, so as to form an eflicient swimming apparatus. The 
Water-salamanders are all oviparous, and the young are like 
the tadpoles of the common frog. 

The Land-salamanders, in both their'adult and young state, 
live upon land, and the tail is rounded and cylindrical. The 
young are not developed in water, but are retained within the 
body of the parent for a longer or shorter period, so that the re- 
production becomes ovo- viviparous, or even viviparous. There 
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are no Land-salamanders in this country, but they occur upon 
the Continent, and one species lives upon high mountains.) 

It is important to remember in connection with a.11 these 
"tailed" Amphibians, that they are wholly distinct from the 
true Lizards, with which they are often confounded. Many of 
them are completely lizard-tike in form, having a long tail and 
two pairs of legs ; ail, however, at some time or other in their 
life, respire by means of gills, and this is never the case with 
any true Lizard. It must be confessed, however, that a near 
approach to the Lizards is made by the Land- salamanders, the 
young of which have sometimes lost their gills before birth. 

Order III, Anoura or Theriomorpha (Gr. ther, a beaat ; 
and morphe, shape).— This order isthe highest of the Amphibia, 
at»d comprises the Frogs and Toads. It is sometimes known by 
the name of Bairackia (Gr. balrackos, a frog), or Anoura (Gr. 



Pig. i6B.— Skeleton of the common Prog (^mm tira/irarid). d Dotul vectcbcie, 

a, without ; oura, a tail), the latter name being derived from the 
fact that the adults are " tailless." 

The tailless Amphibia or Theriomorpha are characterised by 
the fact that whilst the larva possesses a tail, and is furnished 
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with g^IIs, the adalt has no tail, and breathes wfaoQj fay lungs.. 
Both pairs of limbs are always developed in the fall-grown 
animal, and the hind-limbs are osaaiij coosiderabtj longer than 
the fore-HmbSy and generally bare the toes widibed.¥rfa]lst those 
of the fore-limbs are free. The skin is soft, and there are rarely 
any traces of any integumentary skeleton. The spinal column 
(fig. i6S) is short ; the dorsal Tert^rae are very long; and the 
ribs are quite rudimentary, their place being taken by greatly- 
developed transverse processes (i/)u The bodies of the vertebrae 
are hollow in front and convex behind (prvaEltms). The bones 
of the fore-arm {radius and ulna), and those of the shank 
{tUna and ^filmla), are united together to form single bones. 
The upper jaw is usually furnished with teeth, and the lower 
jaw sometimes, but there are no teeth in the Toads. The lungs 
are well developed, comparatively speaking ; and as there are 
no ribs by which the cavity of the chest can be expanded, the air 
is taken into the lungs by a process nearly akin to that of 
swallowing. There can be no doubt, also, that the skin plays 
a very important part in the aeration of the blood, and that the 
frogs, especially, can carry on their respiration by means of the 
skin without the assistance of the lungs for a very lengthened 
period. This, however, should not lead to any credence being 
given to the often-repeated stories of frogs and toads being 
found in closed cavities in solid rock, no authenticated instance 
of such an occurrence being known to science. The ova of 
the frogs and toads are deposited, in masses or strings, in 
water, and the young or larvae are familiar to every one as tad- 
poles. Upon its escape from the ^gg, the young frog (fig. 169) 
presents itself as a little fish-like creature with a broad head, a 
sac-like belly, and a long compressed tail with which it swims 
actively. It breathes by means of gills or branchiae, of which 
there are two sets, one external and the other internal. At 
first there are no limbs; but, as development proceeds, the 
limbs make their appearance — the hind-legs first, and then the 
fore-legs. The tail, however {fig, 169), is still retained as an 
instrument of progression. Ultimately, when the limbs are fully 
developed, and the gills have given place to lungs, the tail disap- 
pears, and the animal now takes to the land as a perfect frog. 

The development of the Frog is a good illustration of the 
general zoological law, that the transitory embryonic stages of 
the higher members of any division of the animal kingdom are 
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often represented by the permanent condition of the lower 
members of the same division. Thus the transitory condition 
of the young Frog, in which it breathes by external branchiae, 
is to a certain extent permanently represented by the perma- 









Fig. X69. — Development of the common Frog, a Tadpole, viewed from above, 
showing the external branchis (^) ; b Side view of a somewhat older specimen, 
showing the fish-like tail ; c Older specimen, in which the hind-legs have made 
their appearance ; d Specimen in which all the limbs are present, but the tail has 
not been wholly absorbed. (After Bell.) 

nent condition of a perennibranchiate Amphibian, such as 
the Proteus, The stage at which the external branchiae have 
disappeared, but the tail is still present, and the limbs are 
developed, is permanently represented in the common tailed 
Amphibians, such as the Newts. 

The order Anoura comprises the three families of the Frogs, 
Toads, and Surinam Toads. The Frogs {Ranidce) are distin- 
guished by having a tongue which is fixed to the front of the 
mouth, and can be protruded at will, while the upper jaw is 
always armed with teeth. The typical Frogs have enormously- 
developed hind-legs, the toes of which are united by membrane, 
or are " webbed." They swim very powerfully, and can take 
extensive leaps. The Tree-frogs, on the other hand, are adapted 
for a wholly different life, inhabiting trees, among which they 
climb with great ease by the help of suckers developed upon 
the ends of the toes. They are mostly found in warm countries; 
especially in America, but one species is European. 

In the equally familiar Toads (Bufonida) the structure of the 

S 
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too^gne is the same as in the Frof^ bat the jaws are not nir> 
nished with teeth. In the Sarinam Toads {Pipedat) there is so 
tongue at alL and asDaQi- no teedi. 



Order IV. LABTKcrrHOOoarru. — ^This„ the last order of the 
Amphibia^ is not represented by any living forms^ and requires 
to be little more than mentioned. The Labyrinthodonts were 
Amphibia wliich were all of large size^ and of which some 
most have attained absolntely gigantic dimensions^ the skull 
of one species beii^ three feet in length and two in breadth. 
They were first known to science simply by their footprints 
which were found in certain Secondary sandstones (X^^- 
These footprints consisted of a series of alternately placed 
pairs of hand-shaped impressions* the hinder print of eadi pair 
being much larger than the fore one. So like were these prints 
to the shape of the human hand that the unknown animal which 
had produced them was christened the " Chtirotkerium ** (Gr. 
chHr, hand ; ther, beast). Further researches, however, showed 
that these footprints were produced by various species of large 
Amphibians, to which the name of Labyrinthodantia was ap- 
plied, in consequence of the complicated microscopic structure 
of the teeth« These extinct Amphibians are known to have 
existed at the time of the Coal, but they are most characteristic 
of the period known to geologists as the Trias. 
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SAUROPSIDA. 

CHAPTER XXVII. 

CLASS III. REPTILIA. 

We commence now the second gpreat primary division of the 
Vertebrata — namely, that of the Sauropsida, comprising the 
Reptiles and the Birds. These two classes, though very unlike 
in external appearance, are united by the following charac- 
ters : There are never at any period of life gills or branchiae 
adapted for aquatic respiration ; the red corpuscles of the 
blood are nucleated (fig. 150, ^, c)\ the skull articulates with 
the vertebral column by means of a single articulating sur- 
face or condyle ; each half of the lower jaw is composed of 
several pieces, and is jointed to the skull, not directly, but by 
the intervention of a special bone (the so-called "quadrate 
bone"). 

These being the characters by which, amongst others, Rep- 
tiles and Birds are collectively distinguished from other Verte- 
brates, it remains to see what are the characters by which the 
Reptiles are distinguished, as a class, from Birds. In all Rep- 
tiles the blood is cold — that is to say, very slightly warmer than 
the temperature of the external medium in which they live. The 
integument generally secretes scales, with or without bony plates, 
but in no case do the integumentary appendages take the form 
of feathers. The heart consists of two auricles and a ventricle, 
which in most is partially divided into two chambers by an 
incomplete partition, and in a few is completely divided. In 
any case, however, more or less of the impure venous blood is 
mixed with the pure arterial blood which circulates over the 
body. There is no division between the cavities of the thorax 
and abdomen, and the lungs are not connected with air-sacs 
placed in various parts of the body. The limbs may be want- 
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ing, or rudimentary, but in no case are the fore -limbs con- 
structed upon the type of the " wing " of birds, and in no living 
Reptile is there the bone which is known in Birds as the "tarso- 
metatarsus." 

The class Reptilia includes, among living forms, the Tortoises 
and Turtles (Chelonid), the Snakes (Ophidia), the Lizards {Lacer- 
tilid)y and the Crocodiles {Crocodilia), With the exception of the 
Tortoises and Turtles, they are mostly of an elongated cylindri- 
cal form, furnished behind with a long tail. The limbs may be 
altogether absent or quite rudimentary, as in the Snakes, but in 
almost all the higher members of the class there are two pairs of 
limbs, which may be either adapted for walking or swimming, 
and which in some extinct forms support a flying membrane. 
The internal skeleton is always bony, never cartilaginous or 




Fig. 17a — Skull of a Serpent (Python), a Quadrate bone ; b Lower jaw, 
articulating with the movable quadrate bone. 

semi-cartilaginous as in many of the fishes. The skull is jointed 
to the spine by a single articulating surface (or condyle). The 
lower jaw is complex, each half being composed of several 
pieces united by sutures. In Tortoises and Turtles, however, 
these separate pieces are amalgamated together, and the two 
halves are also united, so that the whole lower jaw appears to 
form a single piece. In most reptiles, on the other hand, the 
two halves of the lower jaw (fig. 170), are only loosely united ; 
in the Snakes by ligaments and muscles, in the Lizards by 
gristle, and in the Crocodiles by suture. In all, the lower jaw is 
jointed to the skull by means of a special bone, called the "quad- 
rate bone ; ** and as this often projects backwards, the open- 
ing of the mouth is often very extensive, and may even extend 
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backwards beyond the base of the skull (fig. 170, a). Teeth are 
generally present, but these are used chiefly to hold the prey, 
and not in biting or chewing the food. Except in the Croco- 
diles, the teeth are not sunk into distinct sockets, and they are 
usually replaced as fast as shed. They likewise do not differ 
from one another sufficiently in form or function as to allow of 
their being divided into different sets, as they can be in the 
Mammals. Usually the teeth are confined to the jaws proper, 
but in some cases they are carried by other bones of the mouth. 
In the Tortoises and Turtles there are no teeth, and the jaws 
are simply sheathed in horn, so as to constitute a kind of beak, 
like that of a bird. The integumentary skeleton is in the form 
of scales, sometimes combined with bony plates. In the Tor- 
toises and Turtles the integumentary skeleton is so united with 
the true skeleton as to form a kind of bony case or box, in 
which the body is enclosed. 

The digestive system presents little worthy of special notice, 
except that the termination of the intestine {rectum) opens into 
a cavity called the " cloaca," which receives also the ducts of 
the urinary and generative organs. 

It is, however, in the structure of the circulatory and respira* 
tory organs that the most important characters of the Reptiles 
are to be looked for. The heart in all Reptiles may be regarded 
as being, in function^ three-chambered, being composed of two 
auricles and a single ventricle, imperfectly divided by an in- 
complete partition. In the Crocodiles alone the heart is, struc- 
turally, four-chambered, the ventricle being divided into two 
by a complete partition. Here, however, the same results are 
brought about as in the other Reptiles, by means of a com- 
munication which subsists between the great vessels which 
spring from the ventricles thus formed. In the ordinary Rep- 
tiles the course of the circulation is as follows (fig. 171): The 
impure or venous blood that has circulated through the body is 
poured by the great veins into the right auricle («). The pure 
or arterial blood that has been submitted to the action of the 
lungs is poured by the pulmonary veins into the left auricle («). 
Both auricles empty their contents into the ventricle, and as 
the partition which divides the ventricle is an incomplete one, 
it follows that the venous and arterial streams must mix to a 
greater or less extent in the ventricle. From the ventricle arise 
the great vessels which carry the blood to the lungs and to all 
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parts of the body, and it follows, as a matter of necessity, that 
all these parts are supplied with a mixed fluid, consisting partly 
of impure or venous blood, and partly of pure or arterial blood. 
In the Crocodiles, in which there are two ventricles completely 

separated from each other, the 
same result is brought about 
by means of a communication 
which takes place between the 
great vessels which spring from 
the ventricles, in the immediate 
neighbourhood of the heart. 

From this brief description it 
will be seen that the peculiarity 
of the circulation in Reptiles 
consists in the fact, that the 
lungs and all parts of the body 
are supplied with mixed blood ; 
whereas in the higher Verte- 
brates the lungs are supplied 
with pure venous blood, and 
the various tissues of the body 
with pure arterial blood. 

As regards the structure of 
the lungs, it is merely to be 
noted that there is no partition 
{fliaphragm or midriff) sepa- 

Fig. i7i.-Diagram of the circulation of rating the two cavities of the 
a Reptile, a Right auricle, receiving thorax and abdomen, and that 

venous blood from the body : tf' Left -1^ i.,^«.« ♦U-n.^^f^--^ ^c*^^ «* 
auricle, receiving arterial blood from ^^^ lungS, therefore, often at- 

the lungs ; v Arterio-venous ventricle, tain a great proportionate size, 
containingmixed blood, which isdriven sometimes extending through 

by (/) the pulmonary artery to the . , u i 1 i- r 

lungs, and by (<;) the ^orta to the body. almOSt the WhOle length Of 

(The venous system is left light, the the cavity of the trunk. There 

arterial system is black, and the ves- 1 • ^ 

sels contJning mixed btood are cross, ^rc also nO air-SaCS COmmuni- 

shaded.) cating with the lungs, as in the 

Birds. \ 

Lastly, all Reptiles are essentially oviparous, some being 
ovo-viviparous. The egg-shell is usually parchment-like, but 
in other cases contains more or less calcareous matter. 
The class Reptilia is divided into four living and six extinct 
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orders, as follows, but the latter require no extended notice 
here : — 

1. Chelonia (Tortoises and Turtles). 

2. Ophidia (Snakes). 

3. Lacertilia (Lizards). 

4. Crocodilia (Crocodiles). 

5. Ichthyopterygid 

6. Sauropterygia 

7. Pterosauria I Extinct 
. Anomodontia 

9. Deinosauria 

10. Theriodontia 
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CHAPTER XX\^II. 

DIVISIONS OF REPTILIA. 

Order I. CHELO!nA. — In this order arc incladed the vari- 
ous Tortoises and Tartles. characterised by having the body 
enclosed in a bony case or box, and by the fact that the jaws 
are not provided with teeth, but are encased in horn, so as to 
form a kind of beak. The case in which the body of a Chelonian 
is protected is composed partly of integumentary plates and 
partly of flattened bones belonging to the true skeleton, and it 
is composed essentially of two pieces, one placed on the back 
and the other on the lower surface of the body, firmly united 
together at their edges. The dorsal shield is more or less con- 
vex and rounded, and is called the carapace (fig. \^2^cd)\ whilst 
the ventral shield is more or less completely flat or concave, and 
is called ih^ plastron. The carapace and plastron, as just said, 
are united by their edges, but they leave two openings, one in 
front for the head, and one behind for the tail. The carapace is 
essentially composed of the flattened and expanded spinous pro- 
cesses of the vertebrae, and the greatly-developed ribs, covered 
by a series of homy plates. These are growths of the integu- 
ment, and in some cases they constitute the " tortoise-shell " of 
commerce. The plastron is also composed partly of bony and 
partly of homy plates, but opinions differ as to whether the 
bony plates are to be looked upon as formed by an expanded 
breastbone, or whether they are merely integumentary, the 
probabilities being in favour of the latter view. 

The remaining peculiarities with regard to the skeleton which 
deserve special mention are : Firstly, that the dorsal vertebrae 
are immovably connected together, so that this region of the 
spine is quite inflexible ; secondly, that the heads of the ribs are 
articulated directly to the bodies of the vertebras ; and, thirdly, 
that the scapular and pelvic arches, supporting respectively the 
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fore and hind limbs, are situated leilhin the carapace (fig. 172, 
f and/), so that the shoulder-blade is placed inside the ribs 
instead of outside, as is usually the case. 




The Ckelonia are conveniently divided into groups, according 
as the limbs are adapted for swimming (natatory), or for pro- 
gression on land (terrestrial) ; or, again, enable the animal to 
lead an amphibious life, sometimes on land and sometimes in 
the water. Of the strictly aquatic forms the best known are 
the edible Green Turtle {Chelom mydas) and the Hawk's-hill 
Turtle {Ckehne imbricatd). The former is found abundantly 
in many of the seas of warm climates, and is largely imported 
into Europe as a delicacy. The latter (fig. 173) is truly a 
native of warm seas, though an occasional straggler has reached 
our shores. U is of comparatively small siie — not more than 
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The Sea-tortoises or Turtles have the carapace much flat- 
tened, the legs of unequal length, in the form of solid fins or 
oars, the toes being conjoined, and hardly distinct from one 
another. 

The Marsh, Pond, and River Tortoises are generSlly fur- 
nished with webbed feet, and lead an amphibious, semi-aquatic 
existence. The so-called "Soft Tortoises" (Triouycida) be- 
long here, and are distinguished by the imperfect condition 
of the carapace, which is simply covered with a leathery skin. 
A good eMmple is the Soft-shelled Turtle {T. ferox) of the 
Southern States. Here also belong the Snap ping-turtles, so 
well known in the person of the common American species 
{Ckelydra serfitntina), and the Terrapins {Emydida), of which 
many forms are found in all parts of the United Slates. In the 
curious little flox-tortoise {Cistiulo Virginia) the plastron is 
Composed of two movable portions which can be brought 
; apposition with the carapace, thus completely 
protecting the animal within. 

Land-tortoises have short legs of nearly equal length. 
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the toes little distinct, and united into a sort of stump, with 
indistinct, horny claws. Good examples of this group are the 
common European Tortoise {Testttdo Gracei) and the Indian 
Tortoise (7*. Indica), the last attaining a length of over three 
feet 

Order II, Ophidia,— This order includes most of the ani- 
mals which would commonly te called snakes or serpents, and 
is characterised by the following peculiarities : The body is 
always more or less elongated, worm-like, or cylindrical, and 
the skin develops horny scales, but never bony plates. There 
is never any breast-bone {sternum), nor pectoral arch, nor fore- 
limbs ; nor, as a rule, are there any traces of hind-limbs. In 
a few cases, however, rudimentary hind-limbs can be detected. 
The ribs are always very numerous. The two halves of the 
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tower jaw are composed of several pieces each, and they are 
united to one another in front only by ligaments and muscles 
(fig. 170). Hooked, conical teeth are always present, but they 
are never lodged in distinct sockets, and are only used to hold 
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the prey, and not in mastication. The lungs and other paireid 
organs are often not symmetrical, one of each pair being usually 
smaller than the other, or altogether absent. 

The most striking of these characters of the snakes (fig. 174) 
is to be found in the nature of the organs of locomotion. The 
fore-limbs are invariably altogether wanting, and there is no 
pectoral arch nor breast>bone; nor, as a rule, are there any 
traces of hind-limbs. In a few forms, however, the hind-limbs 
are present in an extremely rudimentary form, never exhibiting 
any outward evidence of their existence, beyond the occasional 
presence of short homy claws or spurs. In the entire absence, 
then, or rudimentary condition of the limbs, the snakes progpress 
by means of the ribs, which are always excessively numerous, 
and, in the absence of a breast-bone, are also extremely movable. 
Their free ends, in fact, are simply attached by muscular fibres 
to the scales or " scutes," which cover the lower or abdominal 
surface of the animal The number of ribs varies greatly, and 
by means of the above arrangement the snakes are able to pro- 
gress rapidly, walking, as it were, upon the ends of the ribs. 
Their movements are also much assisted by the extreme flexi- 
bility of the whole spine, caused by the cup-and-ball articula- 
tion of the bodies of the vertebrae, each of which is concave in 
front, and convex behind {procaslous). 

Of the other characters of the snakes, a few words may be 
said as to the tongue, the eye, and the teeth — all important 
structures in this order. The tongue^ in serpents, is probably 
more an organ of touch than of taste, and consists of two mus- 
cular cylinders, which are united towards their bases. The 
forked organ thus formed can be protruded and retracted at 
will, being in constant vibration when protruded, and being in 
great part concealed by a sheath when retracted. The eye of 
serpents (fig. 175, A) is not protected by any eyelids, and hence 
the peculiar stony and unwinking stare for which these reptiles 
are celebrated. In place of eyelids, the outer layer of the skin 
is prolonged over the eye as a continuous and transparent film, 
behind which is a chamber formed by the mucous covering of 
the eye, into which the tears are discharged. The outer mem- 
brane is periodically shed along with the rest of the external or 
epidermic layer of the integument, and is again renewed. The 
puoil is roand in most serpents, but it forms a vertical slit or 
*ie venomous snakes and in the Boas. 
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As rega.rds the teeth, it is to be noticed that the snakes are 
not in the habit of chewing their prey, but of swallowing it 
whole, and the construction of their dental apparatus is in 
accordance with this peculiarity. The lower jaw, as before 
said, articulates with the skull by means of a quadrate bone (fig, 
170), and this in turn is movably jointed to the cranium. The 
two halves of the lower jaw are also merely united loosely in 
front by ligaments and muscles. In consequence of this peculiar 
arrangement of parts, the serpents have the power of opening 
the mouth to an extraordinary width, and they can perform the 
most astonishing feats in the way of swallowing. The teeth are 
simply titted for seizing and holding the prey, but not in any 




way for chewing or dividing it. In the harmless snakes the 
teeth are in the form of solid cones, which are arranged in rows 
round the whole of the upper and lower jaws, a double row 
existing on the palate as well. In the venomous snakes, on the 
other hand, the ordinary teeth are usually wanting upon the 
upper jaws, and these bones are themselves much reduced in 
size. In place of the ordinary teeth, however, the upper jaws 
carry the so-called " poison-fangs " (fig. 176). These are a 
pair of long curved fangs, one on each maiilla or upper jaw- 
bone, which, when not in use, are pointed backwards, but can 
be raised at will by special muscles, by the elevation of the 
movable maxillae. Each tooth is perforated by a fine canal or 
tube, which opens by a distinct aperture at the point of the 
fang, and is connected with the duct of the " poison-gland." 
This is a gland (Sg. 177, a), situated under and behind the eye,. 
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secreting the poisonous fluid which renders the bites or these 
snakes dangerous or fatal. When the serpent strikes at any 
animal, the poison is forced througli the poison-fang into the 
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wound, partly by the contractions of the muscular walls of the 
gland, and partly by the compressive action of the muscles of 
the jaws. In some other snakes, several of which are not cer- 
tainly known to be venomous, there are large grooved fangs 
placed far back in the mouth upon the upper jaw. 

Of the non-venomous and harmless snakes, we have an excel- 
lent instance in our common Ringed Snake {Coluber nalrix), 
which is of frequent occurrence in most parts of this country. 
Like all the snakes, it is strictly carnivorous, having a special 
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liking fpr frogs, which it swallows whole. It often takes to the 
water, and can swim rapidly and gracefully, though in this respect 
it is excelled by the true venomous water-snakes {Hydrophtdce), 
which are adapted to an aquatic life by having a compressed 
swimming-tail. Other non-venomous snakes, such as the Boas 
and Pythons, though destitute of poison-fangs, are nevertheless 
highly dangerous and destructive animals. Their bite is harm- 
less, and they seize their prey by coiling themselves round it 
in numerous folds. By gradually tightening these folds, they 
reduce their victim to the condition of a shapeless bolus, which 
they finally proceed to swallow whole. In this way, a large 
Python or Boa will certainly succeed in disposing of an animal 
as large as a sheep or calf; and it has been asserted that human 
beings, and even oxen, can also be swallowed by unusually 
large specimens of this family. 

The Boas and Pythons have a homy spur on each side of the 
vent, and the tail is prehensile. Their dental apparatus is 
extremely powerful, giving them a firm hold for the constric- 
tion of their prey. They are the largest of all the serpents, 
attaining a length of thirty to forty feet. The true Boas and 
Anacondas belong to the New World, but the Pythons are 
confined to India, Africa, and the Indian Archipelago. 

The poisonous snakes are represented by a large number of 
forms, of which the Rattlesnakes {Crotalidce) and the true 
Vipers (ViperidcB) are the most familiar; though many venom- 
ous serpents belong to neither of these groups. The common 
Rattlesnake (Crotalus horridus) of the United States has the* 
extremity of the tail furnished with a " rattle " or homy appen- 
dage composed of several membranous cells of a pyramidal 
shape articulated one with the other. Before striking its prey, 
it throws itself into a coil, and shakes its rattle. Another 
highly dangerous species is the Copperhead (THgonocephalus 
contortrix). The common European Viper (Pelias berus) is 
hardly fatal to adults, but its bite causes serious inflammation. 
Other venomous snakes of evil notoriety are the Death-adder 
{Acanthophis tortor) of Australia, the Puff-adder {Vipera in- 
AatcC) of South Africa, the Horned Viper (^Cerastes cornutus) of 
Egypt, and the Harlequin-snakes (Elaps), but many others are 
equally dangerous. 

Equally venomous with the worst of the Viperine snakes are 
some of the Colubrine snakes, such as the deadly Cobra di 
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Capello {Naja tripudians) of India, and the nearly allied Naja 
haje (fig. 174) of Africa. 

Order III. Lacertilia. — The third order of reptiles is that 
of the Lacertilia, comprising all the animals which are pro- 
perly known as Lizards, together with some snake-like crea- 
tures, such as the Blind-worm. They are distinguished by the 




Fig. 178. — Iguana. 

following characters : Usually there are two pairs of well- 
developed limbs, but there may be only one pair, or all the 
limbs may be rudimentary. In all cases, however, a scapular 
arch is present. The vertebrae are usually hollow in front 
{proccelous)y rarely hollow at both ends (amphicoelous). In no 
living Lacertilian are the teeth lodged in distinct sockets. The 
eyes are mostly furnished with movable eyelids. 

As a general rule the animals included under this head 
have four well-developed legs, and would therefore be popu- 
larly called " Lizards." Some of them, however, such as the 
common Blind-worm {Anguis fragilis) of our own country, 
exhibit no external indications of limbs, and would therefore 
be generally regarded as Snakes. These snake-like Lizards, 
however, can be distinguished from the true Ophidians by the 
consolidation of the bones of the head and jaws, and by the 
fact that the eyes are generally provided with movable eyelids. 
Dissection also shows that the shoulder-girdle (or scapular 
arch) is always present in a rudimentary condition. 

Few Lizards are natives of Britain ; the only forms which 
can be said to be at all abundant being the Blind-worm or 
Slow-worm and the Sand-lizard {Lacerta agilis). Of the snake- 
like Lizards, a good example is to be found in the common 
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Blind-worm or Slow-worm of Europe. It is completely ser- 
pentiform, without any external indications of limbs (fig. 179), 
and it is quite harmless. It is remarkable for the fact that, 
when alarmed, it stiffens its muscles to such an extent that the 
tail can readily be broken off, as if it were brittle. This same 




Fig. ijg.—BXmdi-'worm {Anguis/ragiUs). (After BelL) 

brittleness exists in the Glass-snake (Ophisaurus ventralis) of 
the Southern States, in which also there are no limbs. In 
other allied genera, there may be fore-feet alone, or hind-feet 
may be present, or all four limbs exist in a more or less rudi- 
mentary condition. In the true Lizards (Lacertd), all four 
limbs are present in a well-developed form ; as seen in the 
common Green Lizard (Z. viridis) of Europe. The genus 
Lacerta is represented in America by the AmeivcB, of which the 
Striped Lizard (Ameiva sex-lineatd) of the Southern States 
may be taken as a good example. Of all living Lizards the 
largest are the Monitors {VaranidcB)^ which are exclusively 
confined to the Old World, and attain sometimes a length of 
from six to eight feet. Very large, too, are some of the Iguanas 
(fig. 178), which occur in warm regions in various parts of the 
world, but especially in South America, where they are often 

T 
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eaten. Related to the Iguanas are the singular Lizards known 
as the Flying Dragons {Draco volans), various species of which 
inhabit the Indian Archipelago and the East Indies. They are 
all of small size, living in trees and feeding on insects; and 
their great peculiarity consists in the fact that certain of the 
ribs are straightened out and support a wing- like fold of the 
skin on each side of the body, by means of which the animal 
can take very extensive leaps from tree to tree. 

The Scincoid Lizards form a very large family, represented 
by numerous species in all parts of the world. The species 
figured here (fig. 180) is a common form in Egypt and Arabia, 
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s formerly used as a remedy in various 
nearly-allied species is the blue-tailed Lizard (Scit 
of the United States, 

The Geckos {Geckolidce) form a large group of nighi-loving 
lizards, which are found in most parts of the world, and chiefly 
deserve notice from the fact that their eyes are not provided 
with movable eyelids. The Chameleons, also, cannot be said 
to possess movable eyelids, for the eye is covered with a single 
lid, leaving only a central aperture for the pupil. The common 
species {Chamaleo Africanus) occurs abundantly in the north 
of Africa, and has long been knovm for the changes of colour 
which it has the pttwer of exhibiting. It is a sluggish animal. 
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and catches insects by darting out its long and protrusible 
tongue with extreme rapidity. 

Order IV. Crocodilia. — The last and highest order of the 
living Reptiles is that of the Crocodilia, comprising the Croco- 
diles, Alligators, and Gavials, and characterised by the follow- 
ing peculiarities : The outer or integumentary skeleton consists 
partly of homy scales developed by the outer layer of the skin, 
and partly of large bony plates produced by the inner layer of 
the skin (fig. 182). The bones of the skull and face are firmly 




Fig. 181. — Skull of young Crocodilus biporcatus,- (After Van der HOven.) 

united, and the two halves of the lower jaw are joined by a 
distinct suture. The teeth (fig. 181) form a single row in both 
jaws, and are implanted in distinct and separate sockets. The 
front ribs of the trunk are double-headed, and there are no 
collar-bones. The heart consists of four distinct chambers, 
two auricles and two ventricles, all completely separated from 
one another. The mixture of arterial and venous blood, how- 
ever, which is so characteristic of Reptiles, is provided for by 
a communication between the great vessels which spring from 
the two ventricles in the immediate neighbourhood of the heart 
The eyes are protected by movable eyelids, and the ear by a 
movable ear-lid. The tongue is large and fleshy, and is im- 
movably attached to the bottom of the mouth (hence the belief 
of the ancients that the Crocodile had no tongue). Lastly, the 
Crocodilia agree with the typical Lizards, and differ from the 
Snakes in having four well-developed limbs. 

The Crocodilia abound in the fresh waters of hot climates, 
and are the largest of all living Reptiles, not uncommonly at- 
taining a length of sixteen feet or upwards. The best known 
of the Crocodilia is the Nilotic Crocodile, which occurs abun- 
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dantly in Egypt, and was described by both Herodotus and 

Aristotle. 

The true Crocodiles have the feet more or less webbed, the 
hind-legs bordered by a fringe, and the fourth tooth In the lower 
jaw received in a notch on the side of the upper jaw. They 




belong mainly to Africa and Asia, but they are also represented 
in the West Indies and in South America. 

The Alligators have the hind-legs simply rounded, and the 
toes not completely webbed ; while the fourth tooth in the lower 
jaw fits Into a cavity in the palate, and is concealed from view 
when the mouth is shut. Like the Crocodiles, they are essen- 
tially aquatic in their habits, and lie dormant during the winter 
In cold climates and the hot season in warm countries. They 
are extremely voracious, and live upon fish and small Mammals. 
The best-known species are the common Alligator (A. Mistis- 
sippiensis) of the Southern Stales, the Caiman {A. palpebroms) 
of Surinam and Guiana, and the "Jacar6"(.^. Jir/^ro/j) of South 
America. 

The Gavial or Gangetic Crocodile occurs in India, and is 
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distinguished by its narrow, elongated jaws, forming a kind of 
beak. It attains a length of more than ten feet 

Order V. Ichthyopterygia. — In this order are included 
a number of gigantic fish-like Reptiles, which are all extinct, 
and are characteristic of the Secondary period of geology, and 
especially of the formation known as the Lias. The chief 
characters by which they are distinguished have reference to 
their purely aquatic life, for there can be no doubt that they 
were inhabitants of the sea. Thus the body was fish-like, with- 
out any distinct neck. The vertebra? were hollow at both ends 
{amphicaslous)t and the spine thus possessed the flexibility and 
power of motion so characteristic of the true fishes. The limbs 
also constituted powerful swimming-paddles (fig. 183), and it is 
probable that there was a vertical tail-fin. 

Much has been gathered from various sources as to the 
habits of the Ichthyosauri^ and their history is one of the most 




Fig. 183. — Ichthyosaurus cotntnunis. 

interesting chapters in the geological record. That they chiefly 
kept to open seas may be inferred from their strong and well- 
developed swimming apparatus ; but the presence of a power- 
ful bony arch supporting the fore-limbs proves that they must 
occasionally have betaken themselves to the land. That they 
were tenants of stormy waters, or were in the habit of diving in 
search of prey, has been inferred from the fact that the eyeball 
is protected from pressure by a ring of bony plates. That they 
possessed great powers of vision, especially in the dusk, seems 
to be rendered certain from the size of the pupil and the enor- 
mous width of the bony cavities (orbits) which contained the 
eyes. Lastly, that they were carnivorous and predaceous in the 
highest degree is shown by their wide mouths, long jaws, and 
numerous powerful and pointed teeth. This is also proved by 
an examination of their petrified droppings, which are known 
as " coprolites," and which contain in abundance undigested 
fragments of fishes and other marine animals. 
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Order VI. Sauropterygia. — The Reptiles belonging to 
this order agree with the last in being all extinct, and in being 
confined to the Secondary period of geology. The best known 
are the Plesiosauri, which resembled the Ichthyosauri in having 
all the limbs converted into swimming-paddles, but differed in 
several respects, of which the most obvious is the g^eat elon- 
gation of the neck (fig. 184). The PUHosauri were gigantic 
marine Reptiles, chiefly characteristic of the formations known 
as the Lias and Oolites. As regards the habits of the Plesio- 
saurus, Dr Conybeare concludes : " That it was aquatic is 
evident from the form of its paddles; that it was marine is 
almost equally so from the remains with which it is universally 
associated ; that it may have occasionally visited the shore, the 
resemblance of its extremities to those of the Turtle may lead 
us to conjecture; its movements, however, must have been very 
awkward on land ; and its long neck must have impeded its 




Fig. xZ^.—Plesiosaurtis dolichodeirta. 

progress through the water, presenting a striking contrast to 
the organisation which so admirably fits the Ichthyosaurus to 
cut through the waves." As its breathing-organs are such that 
it must of necessity have required to obtain air frequently, it 
may be inferred " that it swam upon or near the surface, arch- 
ing back its long neck like a swan, and occasionally darting it 
down at the fish which happened to float within its reach. It 
may perhaps have lurked in shoal-water along the coast, con- 
cealed amongst the sea-weed, and, raising its nostrils to a level 
with the surface from a considerable depth, may have found a 
secure retreat from the assaults of powerful enemies; whilst the 
length and flexibility of its neck may have compensated for the 
want of strength in its jaws and its incapacity for swift motion 
through the water." 

Order VII. Pterosauria. — The Reptiles of this order are 
all extinct, and, like those of the preceding orders, are exclu- 
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lively confined to the Secondary period of geology. The most 
familiar examples are the so-called Pterodactylts, and the distin- 
guishing characters of the order have reference to the fact that 
they were all adapted for an aerial life. They present, in fact, 
an extraordinary combination of the characters of birds and 
reptiles, and they make also some approach to the Mammalian 
order of the Bats. In the presence of teeth in distinct sockets, 
and, as we shall see hereafter, in the structure of the fore-limbs, 
the Pterodactyles differ altogether from all known birds ; and 
there can be little doubt as to their being genuine reptiles. The 
only living Reptile which has any power of sustaining itself in 
the air is the Flying Dragon {Draco), which has been previously 
mentioned. In this case, however, the animal has no power of 
true flight, but is simply enabled to take extensive leaps by 
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means of a membranous expansion on each side of the body, 
in the Bats, again, the power of genuine flight is present j and 
this is given by means of a leathery membrane which is sup- 
ported chiefly by certain of the fingers — which are greatly 
lengthened — and is attached to the sides of the body and 
hind-limbs. 

In the Pterodactyles the power of true flight was present; 
and this was also conditioned by means of a leathery expanded 
membrane, attached to the hind-limbs, the sides of the body, 
and the fore-limbs. In this case, however, the chief support of 
the flying-membrane was derived from the outermost finger of 
the fore-limb, which was enormously elongated (fig. 185). That 
the Pterodactyles passed their existence chiefly in the air, and 
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did not simply leap from tree to tree, is shown by two characters 
in which they agree with the flying birds. Many of the bones, 
namely, were " pneumatic '* — that is to say, were hollow, and 
were filled with air, thus giving the animal the degree of light- 
ness necessary for flight. Secondly, whilst the shoulder-girdle 
has many of the characters of birds, the breast-bone {sternum) 
is furnished with a prominent ridge or keel, serving for the 
attachment of the great muscles which work the wings. There 
can be no doubt, therefore, as to the Pterodactyles having 
enjoyed the power of genuine flight. Many of them attained 
no great size, but some of them must have been gigantic, the 
expanse of wing in one species having been calculated at prob- 
ably about twenty-seven feet from tip to tip. 

Order VIII. Anomodontia. — This order has been founded 
for the reception of a number of fossil Reptiles belonging to 
the period of the New Red Sandstone, all of which seem to 
have been adapted for walking upon the dry land. They were 
either destitute of teeth — in which case the jaws seem to have 
constituted a beak, like that of a Turtle — or they possessed 
two great tusk-like teeth in the upper jaw (as is the case in 
Dicynodon), 

Order IX. Deinosauria. — The Reptiles of this order re- 
semble the preceding in being adapted for walking upon the 
dry land ; and they are confined to the Secondary period of 
geologists. They were mostly of large size, and the structure 
of the hind-limb is in many respects singularly similar to the 
conformation of the same part in the great wingless birds, such 
as the Ostrich (Cursores), The fore-limbs are in many in- 
stances so small, that these extinct reptiles must in all prob- 
ability have walked upon their hind-legs alone. The teeth are 
mostly adapted for an animal diet ; but in some cases the 
animal must have lived upon vegetable food. The most im- 
portant groups comprised in this order are Iguanodon, Megalo- 
sauruSt and Hadrosaurus, 

Order X. Theriodontia. — This order has been recently 
established by Professor Owen for the reception of a number 
of extinct Reptiles from the New Red Sandstone. They pre- 
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sent some singular resemblances to the ordinary Beasts of Prey 
{Camivora), this resemblance being especially seen in the fact 
that their t6eth were arranged in three distinct sets — incisors, 
canines, and molars ; and the canine teetl\ were of large size 
and pointed, adapting their possessors for a predaceous and 
carnivorous mode of life. 
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CHAPTER XXIX. 
CLASS IV. AVES. 

The fourth class of the Vertebrates is that of the Birds or Aves^ 
which may be shortly defined as being *' oviparous Vertebrates, 
with warm blood, a double circulation, and a covering of fea- 
thers " (Owen). The other leading characters which separate 
the Birds from the other Vertebrata are, that the red blood-cor- 
puscles are nucleated, the skull articulates with the spine by a 
single articulating surface (or condyle), the breathing-organs are 
in the form of lungs, which communicate with a variable num- 
ber of air-sacs scattered through the body, and the fore-limbs 
are never terminated (in existing birds) by more than two fingers, 
ending in claws, and are generally modified so as to form 
" wings " or organs of flight. 

The feathers, which form such a distinctive character of birds, 
are formed by a modification of the outer layer of the skin (epi- 
dermis), and from their non-conducting nature they serve to 
maintain the high temperature of the body which is so charac- 
teristic of the class. A typical feather, such as one of the long 
feathers of the tail or wing, consists of the following parts : i. 
A horny cylindrical tube, which forms the lowest portion of the 
feather, and is termed the " quill." 2. The " shaft," which forms 
the central axis of the feather, and which is simply the continu- 
ation of the " quill." The under surface of the shaft is always 
marked by a strong longitudinal groove, and it consists of a 
horny Sheath, filled with a white spongy material, not unlike 
the pith of a plant. 3. The " webs," which form the lateral ex- 
pansions of the feather, and are attached to the sides of the 
shaft. Each web is composed of a number of small branches, 
called the " barbs;" and each barb, in turn, is furnished with a 
series of smaller fibres called the " barbules." As a rule, the 
barbs are all kept in connection with one another by means of 
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the barbules, the ends of which are hooked. Towards the base 
of the shaft, however, the barbs are usually more or less sep- 
arate and placed at a distance from one another, constituting 
what is known as the " down." In the Ostriches and the birds 
allied to them, all the barbs are disunited and placed at a dis- 
tance, and they are often not at all unlike hairs in appearance. 
The feathers of birds not only gp-eatly conduce to the high tem- 
perature of the body, but also serve to keep out moisture, to 
which end there is a peculiar oil-gland at the base of the tail, 
with the secretion of which the bird anoints its plumage. 

The skeleton of birds exhibits many points of peculiar interest, 
mostly in adaptation to an aerial mode of life ; but only some 
of the more important of these can be noticed here. The entire 
skeleton is at the same time peculiarly compact and singularly 
light, the compactness being due to the presence of an unusual 
quantity of phosphate of lime, and the lightness to the fact that 
many of the bones are filled with air in place of marrow. The 
cervical region (neck) of the vertebral column is unusually long 
and flexible, since the fore-limbs are useless as organs of pre- 
hension, and all these functions have to be performed by the 
beak. In all birds the neck is, at any rate, sufficiently long to 
allow of the application of the beak to the tail, so as to permit 
of the cleaning and oiling of the whole plumage. The vertebrae 
which form the back or dorsal region of the spine are generally 
more or less immovably connected together, so as to give a 
base of resistance to the wings. In the Ostrich, however, and 
in other birds, in which the power of flight is either very limited 
or is absent, the dorsal vertebrae are more or less movable one 
upon the other. The vertebrae which follow the dorsal region 
of the spine are all amalgamated together to form a single bony 
mass, which is termed the *' sacrum ; " and this, in turn, is united 
on both sides with the bones which form the pelvic arch, which 
carries the hind-limbs. The vertebrae of the tail are more or 
less movable upon one another ; and in almost all living birds, 
when fully grown, the last joint of the tail (fig. 187, B, s) is a 
long, slender, ploughshare-shaped bone, which is really com- 
posed of several vertebrae united togethen It is usually set on 
at an angle nearly perpendicular to the axis of the body, and it 
serves to support the great tail-feathers, which act as a rudder 
during flight. It also serves to support the oil-gland, which 
supplies the secretion with which the feathers are lubricated. 
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The skull in birds has its several bones generally so amal- 
gamated in the adult, that it forms a bony case of a single piece, 
the lower jaw alone remaining movable. The head is jointed 
to the spine by no more than a single articulating surface or 
condyle. The beak, which forms such a conspicuous feature 
in birds, is composed of two halves, an upper half or " upper 
mandible," and a "lower mandible." The lower mandible, 
like the lower jaw of all the Sauropsida^ is at first composed 
of several pieces, but these are all undistinguishably united in 
the adult, and the two halves of the jaw are also amalgamated 
together. In no living bird are teeth ever developed in either 
mandible ; but both mandibles are sheathed in horn, constitut- 
ing the " beak," and the margins of this sheath are sometimes 
serrated. In some curious fossil birds, however, there are teeth 
in the jaws. 

The most characteristic points, however, in the skeleton of the 
birds, are to be found in the structure of the limbs. The cavity 
of the chest or thorax is bounded behind by the dorsal vertebrae, 
on the sides by the ribs, and in front by the breast-bone or 
sternum. The ribs vary in number from seven to eleven pairs, 
and in most birds each rib gives off a peculiar process (fig. i86, 
B), which passes over the rib next in succession behind. In 
front the ribs are jointed to a series of straight bones, which are 
called the " sternal ribs," and these, in turn, are movably articu- 
lated to the breast-bone in front According to Owen, these 
sternal ribs are " the centres upon which the respiratory move- 
ments hinge." In front the cavity of the chest is completed by 
an enormously-expanded breast-bone or sternum (fig. i86. A), 
which, in most birds of any powers of flight, extends more or 
less over the abdominal cavity as well. The sternum of all birds 
which possess the power of flight is characterised by the pres- 
ence of a prominent ridge or "keel " (fig. i86, A, b), to which 
are attached the great muscles (pectoral muscles) which move 
the wings. As a general rule, the size of this crest or keel gives 
a tolerably just estimate of the flying powers of the bird to which 
it belonged. The keel is, of course, most largely developed in 
those birds which possess the power of flight in its greatest per- 
fection ; and in those which do not fly, such as the Ostrich, there 
is no sternal keel at all. The pectoral arch or shoulder-girdle of 
birds, consists of the shoulder-blades {scapula;\ the clavicles or 
collar-bones, and of two bones, which are distinct in birds, and 
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are called the " coracoid bones. The shoulder-blades (s s) are 
usually long and narrow bones. The coracoid bones (i i) cor- 
respond with the part of the shoulder-blade which is known in 
most of the Mammals as the "coracoid process;" and in birds 
they are not only separate bones, but they are the strongest 
bones of the pectoral arch. They are more or less nearly verti- 
cal, and they form fixed points for the downward stroke of the 
wing. The collar-bones or clavicles (c) in the great majority 
of birds are united together in front, so as to form a somewhat 




V-shaped bone, which is technically called the " furculum," 
but is familiarly called the " merry -thought." The function 
of this clavicular arch is to keep the wings asunder during 
their downward stroke, and the strength of the furculum varies, 
therefore, with the powers of flight enjoyed by each bird. The 
bones which form the limb proper, or " wing," are considerably 
modiiied to suit the special function of flight, but essentially 
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the same parts are present as in the fore-limb of the Mammals. 
The upper arm is constituted by a single bone, the kmmetms (k)^ 
which is generally short and stout The fore-arm is composed 
of two bones, the radius (r) and the alma (m), of which the ulna 
is the bigger. These are followed by the small bones, which 
form the wrist or carpus (g), but these are reduced to two in 
number. The carpus is followed by the bones which constitute 
the root of the hand or metacarpus (m), but these are also re- 
duced to two^ instead of being five in number, as they are in 
most Mammals. The two metacarpal bones are also amalga- 
mated together at both ends, so as to form a single piece, at the 
base of which, on its outer side, is a rudimentary digit, the 
"thumb" (/), which carries a tuft of feathers, known as the 
" bastard wing." The metacarpal bones, finally, support each 
a single finger (/), of which one is never composed of more 
than one bone or phalanxy whilst the other is composed of two 
or three phalanges. (To understand thoroughly the leading 
modifications of the limbs of birds, the student will do well 
to refer to the general description of the limbs of Vertebrates, 
pp. 238, 239, figs. 147, 148.) 

As regards the composition of the hind-limb in birds, the two 
halves of the pelvic arch (/.^., the innominate bones) always form 
a single piece each, and they are always firmly united with the 
sacral region of the spine. With the single exception, however, 
of the Ostrich, they do not unite below, but remain separate. 
As in the higher Vertebrates, the lower limb consists of a thigh- 
bone {femur)t a shank, composed of two bones {tibia aindjibu/a), 
a tarsus, a metatarsus, and phalanges, but some of these parts 
are obscured by coalescence. The thigh-bone or femur (fig. 
187,/), is generally very short, comparatively speaking ; and the 
chief bone of the leg is the tibia (/), to which a thin and taper- 
\T\g fibula (r) is attached. In the regular typical limb of a Ver- 
tebrate animal the tibia and fibula would be followed by a series 
of small bones, called the tarsus, constituting the ankle-joint 
(fig. 148) ; and the tarsus would in turn be followed by a series 
of bones constituting the root of the foot, or metatarsus. In 
birds, however, the tibia and fibula are followed by a single 
cylindrical bone, which is called the " tarsp-metatarsus " {m), 
and which is formed by the amalgamation of the entire meta- 
tarsus with the whole or a portion of the tarsus. The most 
probable view is, that only the lower portion of the tarsus is 
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present in the tarso-metatarsus, and that the upper portion of 
the tarsus is fused with the lower end of the tibia. In this case 
the ankle-joint is placed in the middle of the tarsus. In most 
of the long-leg^^ed birds it is by the great elongation of the 
tarso-metatarsus that the enormous length of the legs is pro- 
duced. The tarso-m eta tarsus is followed below by the foot, 
which consists in most birds of four toes, of which three are 
directed forwards and one backwards. In no wild birds are 
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there more than four toes ; but some domesticated varieties 
possess a fifth. In all birds with four toes, the toe which is 
directed backwards consists of two phalanges ; the innermost 
of the three forward toes has three phalanges, the next has 
-four, and the outermost toe is composed of five. In many 
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birds, such as the Parrots, the little toe is turned backwards, so 
that there are two toes in front and two behind. In the Swifts, 
again, all the four toes are turned forwards. In many of the 
swimming birds (Natatores) the hinder toe is wanting or rudi- 
mentary; and in the Ostrich both this and the next toe are 
absent, so that the foot consists of no more than two toes. 

The digestive system in Birds consists of the beak, tongue, 
gullet, stomach, intestine, and cloaca, with certain accessory 
glands. There are no teeth, and the beak is employed, in 
different birds, for holding and tearing the prey, for prehension, 
for climbing, and in some cases as an organ of touch, being 
in these last instances more or less soft, and supplied with 
nervous filaments. In many birds, too, the base of the bill 
is surrounded by a circle of naked skin, constituting what 
is called the "cere," and this too serves as an organ of 
touch. The tongue of birds can rarely be looked upon as an 
organ of taste, since it is generally cased in horn, like the man- 
dibles. It is principally employed as an organ of prehension, 
but it is soft and fleshy in the Parrots, and in them, doubtless, 
acts as an organ of taste. Salivary glands are always present, 
but they are rarely of large size, and are often of extremely 
simple structure. In accordance with the length of the neck, 
the gullet is usually very long in birds, and is generally very 
dilatable. In the flesh-eating and grain-eating birds the gullet 
is dilated (fig. 188, c) into a pouch which is called the "crop," 
and is situated in the lower part of the neck, just in front of 
the merry-thought. This may be simply a dilatation of the 
tube of the gullet, or it may be la single or double pouch. The 
function of the crop is to detain the food, for a longer or shorter 
period according to its nature, before it is submitted to the 
action of the proper digestive organs. In the Pigeons, the food 
which has been previously softened in the crop is returned to 
the mouth, and supplied to the young in a state suitable for 
digestion. The gullet, after leaving the crop, shortly opens 
into a second cavity, called the " proventriculus," which is the 
true digesting stomach, and is richly supplied with glands 
which secrete the digestive fluid or gastric juice (/). This, in 
turn, opens into a muscular cavity which is called the *' giz- 
;zard " (^), and which leads into the commencement of the small 
intestine. The characters of the gizzard vary with the nature 
of the food. In the birds of prey, which live on an easily- 
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digested animal diet, the walls of the gizzard are thin and 
membranous. In the grain-eating birds, such as the fowls, 
whose hard food requires to be crushed before it can be pro- 
perly digested, the walls of the gizzard are extremely thick and 
muscular, and the inner lining is hard and horny. In these 
birds the gizzard constitutes a kind of grinding apparatus, like 
the stones of a. mil! ; whilst the " crop " may be compared to the 
"hopper" of the mill, since it supplies to the gizzard " small 
successive quantities of food as it is wanted" (Owen). The 
grinding action of the gizzard is further assisted by the small 




pebbles and gravel which, as is well known, so many birds are 
in the habit of swallowing. These pebbles take the place of 
teeth, and there can be no doubt that they are in many cases 
essential to health, the bird being otherwise unable to triturate 
its food properly. The intestinal canal extends from the giz- 
zard to the cloaca {cl), and is comparatively short The secre- 
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tions of the liver and pancreas are poured into the commence- 
ment of the small intestine. The commencement of the large 
intestine is furnished in most birds with two blind tubes or 
" caeca ** (k). These vary considerably in length in different 
birds, and are sometimes wanting; whilst their exact function 
is still questionable. The large intestine is seldom more than 
a tenth part of the length of the body, and is generally con- 
ducted straight from the caeca to the cloaca. The c/oaca is 
a common cavity which in birds, as in Reptiles, receives the 
termination of the intestine and the ducts of the generative 
and urinary organs (cl). 

Respiration is effected in birds more completely, extensively, 
and actively than in any other class of the Vertebrata^ and, as 
the result of this, their average temperature is higher than 
in any other Vertebrates. This extensive development of the 
respiratory process is due to the fact that air is admitted in 
Birds not only to the lungs, but also to the interior of a greater 
or less number of the bones, and to a series of air-receptacles 
which are scattered through various parts of the body. The 
lungs are two in number, of a bright-red colour, and spongy 
texture, and they are confined to the back part of the chest. . 
They differ from the lungs of Mammals in not being freely 
suspended in a membranous bag {pleura), but in being fixed 
to the back wall of the chest. The thoracic and abdominal 
cavities are not separated from one another by a complete par- 
tition (midriff or diaphragm) as the Mammals, but the com- 
mon thoracico - abdominal cavity is subdivided by means of 
membranous partitions into a series of cavities or sacs, which 
are termed the "air -receptacles." These air -sacs are filled 
with air from the lungs, and vary considerably in number and 
size in different birds. They not only serve greatly to reduce 
the specific gravity of the body, but also assist largely in the 
aeration of the blood. Connected with the air- receptacles, 
and supplementing their action in both of these respects, is 
a series of cavities occupying the interior of a greater or less 
number of the bones, and also containing air. In young birds 
these air-cavities in the bones do not exist, and the bones are 
simply filled with marrow, as in the Mammals. In the Pen- 
guin, which does not fly, none of the bones contain air-cavities 
or are "pneumatic;" and in the Ostrich only a few of the bones 
contain air. In the Pelican and Gannet all the bones of the 
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skeleton, except the phalanges of the toes, are permeated by 
air; and in the Hombill even these are pneumatic. 

The heart in all birds consists of four chambers, and the 
two sides of the heart are completely separated from one 
another. In all essential details, as regards the structure of the 
heart and great vessels, and the course of the circulating fluid, 
Birds agree with Mammals. The impure venous blood which 
has traversed the body, is rettimed by the great veins to the 
right auricle. From the right auricle it passes into the right 
ventricle, from which it is driven by the pulmonary artery to 
the lungs. Having been submitted to the action of the air 
contained in the lungs, and having been thereby changed into 
arterial blood, the blood is sent back to the left auricle by 
means of the pulmonary veins. Thence it passes into the left 
ventricle, by which it is again propelled throughout the whole 
body, to return again as venous blood to the right side of the 
heart The heart, therefore, of birds, differs from that of rep- 
tiles in consisting of two sides, each composed of an auricle 
and ventricle, the right side being wholly concerned with send- 
ing the venous blood to the lungs, and the left side being 
entirely occupied with sending the arterial blood to the body. 
The right side of the heart is therefore venous, the left side 
arterial. In all Reptiles, on the other hand, the two circula- 
tions — namely, that through the lungs and that through the 
body — communicate with one another, either in the heart itself 
or in its immediate neighbourhood ; so that both the lungs and 
the body are supplied with a mixture of venous with arterial 
blood. Though the heart of Birds resembles that of Mammals 
in general structure, its cavities are " relatively stronger, their 
valvular mechanism is more perfect, and the contractions of this 
organ are more forcible and frequent in Birds, in accordance 
with their more extended respiration and their more energetic 
muscular actions" (Owen). The urinary organs of birds consist 
of two elongated kidneys, which open by means of their ducts 
(the ureters) into the cloaca, along with the termination of the 
intestine and the ducts of the reproductive organs. As a 
general rule, the female bird is provided with only a single 
ovary — that of the left side — and all birds, without exception, 
are oviparous. The t%% is always enclosed in a calcareous 
shell, and is developed after expulsion from the body, by the 
process of "incubation" or "brooding" — a process for which 
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birds arc especialhr ariapcfd, in conseqacnce of tlicxr vcnr high 
arera^e tesipoaiare. The Toong bird, when read|' for an inde- 
pendent existence; perforates the shell, bv means of a temporary 
calcareoGS excrescence dereloped upon the pcMnt of the upper 
mandible of the bilL In some birds» mostly in the case of those 
which live upon the ground, the yoang are able to mn about 
and look for food directly after they come oat of the egg {Aves 
frac^c£s\ as is seen in the common FowL In most birds^ how- 
ever, the young are liberated firom the egg in a perfectly helpless 
and naked condition, and require to be fed by their parents for 
a longer or shorter time, before they are able to take care of 
themselves. Most of these birds {Aves a//ric£s\ such as oor 
common song-birds, reside in trees, and build more or less 
elaborate nestSw 

As regards their neruaus system^ the brain of Birds is rela- 
tively larger than the brain of Reptiles, but it is destitute of 
those folds or convolutions which form so maii^ed a feature in 
the brain of most Mammals. The organs of sense, with the 
exception of touch and taste, are well developed in Birds, vision 
especially being generally extremely acute. The eyes are always 
well developed, and in no Bird are the}' ever wanting or mdi- 
mentar>'. The chief peculiarity of the eye of Birds is, that its 
anterior portion (cottuo) forms the segment of a much smaller 
circle than does the eyeball proper; so that the whole eye 
assumes a conical shape. Another peculiarity is, that the form 
of the eye is maintained by means of a circle of from thirteen 
to twenty bony plates, which are placed in the front portion of 
the fibrous coat of the eye (scUrotic). Eyelashes are almost 
universally absent; but in addition to the ordinary upper and 
lower eyelids, birds possess a third membranous eyelid — the 
membrana nictitans — which is placed on the inner side of 
the eye. This nictitating membrane is sometimes transparent, 
sometimes pearly white, and it can be drawn over the front 
of the eye like a curtaih, moderating the too great intensity of 
the light. As regards the organ of hearing, the chief point to 
remark is, that Birds possess no external t2X^ by means of which 
the undulations of sound can be collected and transmitted to 
the internal ear. In some birds, however, as the Ostrich, the 
external opening of the organ of hearing is provided with a 
circle of feathers, which can be raised and depressed at will. 
In the nocturnal Birds, also (such as Owls), the external open- 
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ing of the ear is protected by a musculo-membranous valve, 
foreshadowing the gristly external ear of Mammals. The sense 
of smell is apparently seldom very acute in Birds, and even 
the Birds of Prey appear to seek their food mainly by the 
sight. The external nostrils are usually placed on the sides 
of the upper mandible, near its base, and form simple perfora- 
tions which sometimes communicate from side to side. In the 
curious Apteryx of New Zealand, the nostrils are placed at the 
extreme end of the elongated beak. Sometimes the nostrils 
are defended by bristles, and sometimes by a cartilaginous 
scale. 

Before passing on to a consideration of the divisions of Birds, 
a few words may be said on the migrations of Birds. In tem- 
perate and cold climates, few birds remain constantly in the 
same region in which they were originally hatched. Those 
which do so are called "permanent birds'* (aves manentes). 
Other birds, such as the Woodpeckers, migrate from place to 
place without following any very definite course. These are 
called "wandering birds" {aves erraticcB\ and their movements 
are chiefly conditioned by the scarcity or abundance of food in 
any particular locality. Other birds, however, at certain seasons 
of the year, undertake long journeys, usually uniting for this 
purpose into larger or smaller flocks. Such birds — of which 
the Swallows are a familiar instance — are properly called " mi- 
gratory birds" {aves migratoria) \ and their movements are 
conditioned by the necessity of having a certain average tem- 
perature, without which they cannot live. Thus the migra- 
tory birds of cold climates, when the cold season comes on, 
travel to warmer countries ; but when the hot season of these 
regions approaches, they migrate back again to temperate 
zones. 
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CHAPTER XXX. 

DIVISIONS OF BIRDS. 

Birds may be variously divided, but for our present purpose 
it is most convenient to regard them as divided into the follow- 
ing four great primary divisions or sub-classes : — 

1. RATiTiE. — This division comprises the Running birds, 
which cannot fly, such as the Ostriches, Emeus, and Casso- 
waries. It is characterised by the fact that the sternum has no 
median ridge or keel for the attachment of the great pectoral 
muscles. The sternum is therefore raft-like (from the Lat. 
ratest a raft), hence the name given by Huxley to this section. 

2. CARiNATiE. — This comprises all the living Flying birds, 
and is characterised by the fact that the sternum is furnished 
with a prominent median ridge or keel {carina)] hence the 
name applied to the division. Under this head are included 
six smaller divisions or orders. 

3. SAURURiE. — In this division the caudal vertebrae are 
numerous, and there is no ploughshare bone. The tail is 
longer than the body, and the metacarpal bones are not anchy- 
losed together. This division includes only one order, com- 
prising only the single extinct bird the ArchcBopteryx macrura, 
in which the long lizard-like tail is only the most striking of 
several abnormalities. 

4. Odontornithes. — This section is characterised by the 
fact that the jaws are provided with true teeth. It includes two 
orders of fossil birds, the characters of which are very remark- 
able. 

Sub-class I. Ratit^e. 

Order Cursores. — The Running or Cursorial Birds, com- 
prising the Ostrich, Cassowary, Emeu, Rhea, and Apteryx, 
are characterised by the rudimentary condition of the wings, 
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which are useless as organs of flight, and by the compensating 
length and streng^ of the legs. In accordance with this con- 
dition of the limbs, the bones have few air-cells, and the breast- 
bone is destitute of the prominent ridge or keel to which the 
great muscles of the wings are attached (fig. 189, A). The two 
sides of the pelvis are united together below in the Ostrich, 
and in all the pelvic arch has great strength and stability. 
The legs are extremely powerful, and the hinder toe is wanting 
in all except the Apteryx^ in which it is present in a rudi- 
mentary condition. The front toes (fig. 189, C and E) are 
either two or three in number, and are furnished with strong 
blunt claws or nails. The feathers present the remarkable 




Fig. 189. — Morphology of Cursores. A, Sternum of the Ostrich {Siruthio came- 
lus) : s Scapula ; c Coracoid. B, Side view of the pelvis of the Ostrich : i 
Ilium ; p Pubis ; is Ischium ; / Femur. C, Foot of Apteryx australis. D, 
Tarso-metatarsus of the Apteryx^ shovring the hallux placed high up on its pos- 
terior surface. E, Foot of the Rhea americana, 

peculiarity that the barbs, instead of being connected by means 
of the barbules, are disconnected and separate from one 
another, thus coming to resemble hairs in appearance. 

The African Ostrich {Struthio camelus\ which is one of the 
best-known members of this order, inhabits the desert plains 
of Africa and Arabia, and is the largest of living birds, attain- 
ing a height of from six to eight feet. The head and neck are 
nearly naked, and the quill-feathers of the wings and tail have 
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their barbs wholly separate, constituting the Ostrich-plumes of 
commerce. The legs a.re extremely strong, and the feet have 
only two toes each. The Ostriches run with extraordinary 
speed, and can outstrip the fastest horse. They are poly- 
gamous, each male having several females, and they keep 
tc^ether in larger or smaller flocks. The American Ostriches 
or Rheas are much smaller than the African Ostrich, and have 
the head feathered, whilst the feet are furnished with three toes 
each. They inhabit the great plai 
are polygamous. The Emeu {Dra 
fined to New Holland. In 
Ostrich, standing from five t( 

uncommonly kept as a domestic pet. The Cassowaries are 
found in the Malayan Archipelago, North Australia, and New 
Guinea. The best known is the Galeated Cassowary, which 
was first brought alive to Europe by the Dutch. It stands 
about five feet in height, and possesses a singular homy crest 



IS of tropical America, and 

mains) is exclusively con- 

t nearly equals the African 

n height, and it is 




upon the head. The last of the living Cursorial birds is the 
curious bird, the ApUtyx of New Zealand. In this remarkable 
bird (fig. 190) the beak is extremely long and slender, and the 
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nostrils are placed at the extremity of the upper mandible. 
The legs are comparatively short, and there is a rudimentary 
hind-toe, provided with a claw. The feathers of the general 
plumage are long and hair-like, and the wings are altogether 
rudimentary. 

In very many respects the various birds which are here in- 
cluded in the order Cursores, are so different to one another 
that they may be regarded as forming divisions of equal, or 
nearly equal, value to the " orders " which form the sub-class 
CarinatcB, 

Sub-class II. CARiNATiE. 

This sub-class includes all the living birds which have the 
power of flight, and it therefore comprises the great majority of 
the entire class of Aves, The Carinate Birds, however, are so 
similar to one another in their general characters that they can 
with difficulty be split up into minor sections. For our present 
purpose, however, we may divide them into the six orders of 
the Swimming Birds (Natatores), the Waders (Grallatores), the 
Scratchers (Rasores), the Climbers {Scansores\ the Perchers {In- 
sessores), and the Birds of Vrty {Raptores)^ which orders are more 
or less natural groups, with the exception of the order Scansores, 

Order I. Natatores. — The order of the Swimming Birds 
comprises birds which are as much at home in the water as upon 
land, or even more so. In accordance with their aquatic mode 




Fig. 19Z. — Natatores. A, Foot of the Cormorant; B, Beak of the Bean-Goose. 

(After Jardine.) 

of life, the Natatores have a boat-shaped body, generally elon- 
gated, and usually having a long neck. The legs are short,^and 
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are placed behind the centre of gravity of the body ; this posi- 
tion enabling them to act admirably as swimming-paddles, at 
the same time that it renders the gait upon dry land compara- 
tively awLward and shutBlng. The toes mall IhK Nataiores an 
webbed to a greater or less extent, or, in other words, are united 
by a membrane (tig. 191, A). In many the n-eb or membrane 
between the toes is stretched completely from toe to.toe; but in 
others the membrane b divided between the toes, so that the 
feet are only imperfectly webbed. As their aquatic mode of life 




exposes them to great reductions of temperature, the body in the 
Natatorial birds is closely covered with feathers, with a thick 
covering of down next the skin. They are further protected 
against becoming wet whilst in the water by the great develop- 
tnent of the oil-gland at the tail, by means of which the dense 
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plumage is kept constantly oiled. As a rule, the Natatorial 
birds are polygamous, each male having sevefal females ; and 
the young are hatched in a condition not requiring assistance 
from their parents, being able to swim about and procure food 
for themselves the instant they are liberated from the egg. 

Amongst the more important families of the Natatores may 
be enumerated the Penguins {SphentscidcB\ the Auks {Alcidce), 
the Gulls and Terns {Laridce), the Petrels {ProceUaridcB), the 
Pelicans (Peltcanus\ the Cormorants (Phalacrocorax), the Gan- 
nets {Sula)t the Ducks (AnatincB), the Geese (AnserincB)^ and 
the Swans (Cygnidce), 

The Penguins and Auks, with their allies the Divers, Guille- 
mots and Grebes, have rudimentary, or at any rate small, 
wings, and are all more at home in the water than upon land. 
The Gulls, Terns, and Petrels, on the contrary, are all birds of 
powerful flight, and some of them, such as the Albatross, are 
habitually found hundreds of miles from the nearest land. 
The Pelicans, with their allies the Cormorants, Frigate-birds, 
and Darters, are excellent flyers, and also not uncommonly 
perch on trees, which few Natatorial birds do. They are dis- 
tinguished by having the hinder toe directed inward, and united 
to the innermost of the front toes by a continuous membrane. 
The Gannets, Ducks, Geese, and Swans have the bill very much 
flattened and covered by a soft skin. The edges of the bill are 
also furnished with a series of transverse plates, which form a 
kind of fringe or " strainer," by means of which these birds sift 
the mud in which they habitually seek their food. 

Order II. Grallatores. — The Wading Birds for the most 
part frequent moist situations, such as marshes and shallow 
ponds, the shore of the sea or the banks of rivers or lakes, 
though some of them keep entirely, or almost entirely, to the 
dry land. In accordance with their semi-aquatic, amphibious 
habits, the Waders are distinguished by the great length of 
their legs — the increase in length being chiefly due to the 
elongation of the tarso-metatarsus. The legs (fig. 193, A) are 
also unfeathered or naked, as far as the lower end of the tibia, 
at any rate. There are three anterior toes, and usually a short 
hind-toe ; but the toes are never completely webbed, though 
they are sometimes partially palmate. The wings are long, and 
the power of flight is usually considerable ; but the tail is very 
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short, and its function as a rudder is chiefly transferred to the 
long legs, which are stretched out behind in flight The beak 
is almost always of great length, generally longer than tbe head 
(fig. 195, B), and usually more or less pointed, though it is some- 




Fig. 195. — Grallatores. A, L^ and Foot of Curlew ; B, Head of Snipe ; 

C, Beak of Avocet. 

times flattened. In the Avocet (C) the bill is curved upwards, 
instead of being straight, or bent downwards, as is generally 
the case. The typical Waders, as before said, spend most of 
their time wading about in shallow water, feeding upon small 
fishes, shell-fish, worms, and insects. Others, such as the Storks, 
live mostly upon the land, and are more or less exclusively 
vegetable feeders. 

Amongst the more important Grallatorial birds are the Rails 
(Rallidce), Water-hens {GallinulcB), Cranes (firuidce). Herons 
{Ardeidcp), Storks (Cicanina)^ Snipes {Scolopacida), Sandpipers 
(Tringidce), Curlews {Numenius), Plovers (Charadriidce), and 
Bustards {Otidce), 

The Rails are more or less terrestrial in their habits, but 
inhabit marshes and fens. Good examples are the Marsh- 
hen {Rallus elegans) and the Virginia Rail {R. Virginianui) 
of North America, and the Corn-crake (Crex pratensis) of 
Europe. The Water-hens {Gallinula) and Coots {Fulica) are 
aquatic or semi-aquatic, swimming and diving with the great- 
est ease. The Cranes are in the main vegetable-feeders, and 
inhabit dry plains. The Herons, Egrets, Bitterns, and Night 
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Herons, form a beautiful family of wading birds, represented 
in almost every portion of (he known world. Nearly allied to 
these are the brilliantly-coloured Ibises {TuH/aliita), which 
inhabit all warm countries. The Ciconina are all large birds, 
and comprise the Storks and Adjutant, while the Spoonbills 
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are mainly separated from them by their flattened, spoon- 
shaped bill. The Scolopacida. comprising the Snipes and 
Woodcocks, the Tringida (or Sandpipers), the Curlews (^b- 
menius), and various other allied birds, are dislinguished from 
the preceding by the possession of a long, soft, slender bill, 
which is used in probing the ground for food. In the Chara- 
driida are comprised the Oyster-catchers, Turnstones, Lap- 
wings, Plovers, Thick-knee, and many other familiar birds. 
Lastly, the Olida comprise only the Bustards, which are 
exclusively confined to the Old World, and make a decided 
approach to the Cursorial Birds. 

Order III. Rasores.— The Scratching Birds— or, as they are 
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often called, the Gallinaceous Birds — are characterised by the 
fact that the upper mandible of the bill is convex and vaulted 
(fig. 195, B), and has a membranous space at its base, in which 
the nostrils are pierced. The nostrils are also covered by a 
cartilaginous scale. The legs are strong and muscular, and are 
often covered with feathers as far as the ankle-joint. There are 
four toes (fig. 195, A), three in front, and a short hind- toe placed 





Fig- 195— Rasores. A, Foot of a Fowl {Galius)'; B, Head of the Guinea-fowl. 

on a higher level than the others. All the toes, in the typical 
members of the order, are provided with strong blunt claws, 
suitable for scratching. The food of the Rasores consists 
chiefly of hard grains and seeds, and in accordance with this, 
they have a large crop, and an extremely strong and muscular 
gizzard. They generally lay their eggs upon the ground, and 
they are mostly polygamous, each male having several mates. 
The Doves, however, pair for life. The males take no part in 
building the nest or in hatching the eggs ; and the young are 
generally precocious, being able to run about and provide them- 
selves with food from the moment they quit the egg. The 
Avings are usually weak, and the flight feeble, and accompanied 
with a whirring sound ; but many of the Pigeons are powerful 
fliers. 

The order Rasores is divided into two very well-marked sec- 
tions or sub-orders, called respectively the Gallinacei and 
ColumbaceL In the Gallinacei are all the typical forms of the 
order, and the characters of this section are therefore the same 
as those of the order itself. They are distinguished from the 
Columbacei mainly by being less fully adapted for flight, their 
bodies being much heavier, comparatively speaking, their legs 
and feet stronger, and their wings shorter. They are also poly- 
gamous, and the males usually possess " spurs," and are more 
brilliantly coloured than the females. • 
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The leading families of the Gallinaceous Birds are : I. The 
Teiraomda or Grouse family, comprising the true Grouse and 
Black Game {Tttrad), the Ptarmigans {Lagopus), the Ruffed 
Grouse {Benasa), &c. 2. The Perdicida or Pa.rtridge family, 
comprising the Partridges {Perdix), Quails {Coturmx), Vir- 
ginian and Mountain Quails {Ortyx), Crested Quails {Lophor' 
tyx), &c, 3. The PkasiatiidtE, or Pheasant family, comprising 
the various Pheasants {Pkasianus), the Domestic and Jungle 
fowls {Callus), the Turkeys (Meleagris), the Guinea-fowls 
{Numida). and the Pea-fowl {Pavo). 4. The Megapedida, or 
Mound-builders, comprising only some singular Australian and 
Indian birds, which build enormous mounds, in which they 
deposit their eggs. S- The Cracida, or Curassow family, com- 
prising the large South and Central American birds known as 
Curassows and Guans. 6. The Pteroclida, or Sand-grouse, of 




Fig. i^.— RuDTS. Rack-pi£eoa (Cs/hmAi Iruiai. 

the Old World, which, in their long and pointed wings, make 
an approach to the Pigeons. 7. The Tinamida, or Tin; 
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of South America, in which the tail is short, or may be wholly 
wanting. 

The Columbacei comprise the Pigeons and Doves, and they 
are separated from the typical Rasores by being much more 
fully adapted for flight. They are furnished with strong wings 
and are good fliers ; and in place of being ground-birds, their 
habits are to a great extent arboreal, in accordance with which 
the feet are slender and are adapted for perching. They are 
also not polygamous, and their voice is of a much more gentle, 
soft, and melancholy character. (Hence the name of Gemttom 
applied to this section, whilst the GallinacH are called the 
Clamatores) Besides the true Pigeons and Doves, this sub- 
order includes also the remarkable extinct bird, the Dodo, 
which was of gigantic size, comparatively speaking, and in- 
habited the island of Mauritius up to the commencement of the 
seventeenth century. 

Order IV. Scan sores— The order of Scansores or Climbing 
Birds is very shortly and easily defined, having no other dis- 
tinctive and exclusive peculiarity, except the fact that the feet 
have four toes, of which two are turned backwards and two 
forwards (fig. 197, B). Of the two toes which are turned back- 




wards, one is the proper hind-toe, and the other is the outer- 
most toe. This arrangement of the toes enables the Scan- 
sorial birds to climb with great ease and readiness. Their 
powers of flight are usually very moderate, and below the 
general average, and their food consists of insects and fruits of 
various kinds. Their nests are usually made in the hollows of 
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old trees, but some (Cuckoos) have the remarkable habit of 

depositing their eggs in the nests of other birds. They are 
never polygamous, and the young are bom in a. naked and 
helpless condition. 

Upon the whole, we must regard the order of the ScansorM 
as an artificial assemblage, comprising birds which have little 
in common save the adaptations which fit them for an essen- 
tially scansorial life. Bearing this in mind, we may include 
in the Scansores the following famihes : i. The Cuculida or 
Cuckoo family, comprising the true Cuckoos and some allied 
birds. They are remarkable for the fact that many of them are 
" parasitic ; " that is to say, they lay their eggs in the nests of 
Other birds. The Yellow-billed Cuckoo (C. Amtricanus), how- 




Fij. 198.— Scuuorts. Purplt capp d Lory (Lariui domiciUa). 

ever, of the United States, builds a nest for itself and brings up 
its own young, as do others of the family, z. The Picida or 
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Woodpecker family, comprising many familiar birds, all of which 
climb and run up trees with the greatest facility. They live 
mostly on insects, which they catch by darting out their long, 
worm-like, barbed tongue. 3. The Psittacidce or Parrot family, 
comprising the true Parrots, the Cockatoos, the Lories, the Par- 
rakeets, and the Macaws. They are all natives of hot climates, 
and are mostly remarkable for their brilliant plumage, and loud, 
harsh, and grating voices. The beak (fig. 198) is hooked, and is 
used as a kind of third foot in climbing, but some move about 
actively on the ground. 4. The RhamphastidcB or Toucans, dis- 
tinguished by their enormously large and cellular bills, the sides 
of which are serrated. They live in deep forests, in small flocks, 
and are confined to tropical America. 5. The Trogonidce or 
Trogons, which inhabit the most retired recesses of the forests 
of the intertropical regions of both hemispheres, and are dis- 
tinguished by their resplendent plumage. 6. The Barbets {Buc- 
conidcB), of the warmer parts of the New and Old Worlds ; and 
7. The Plantain-eaters {MusophagidcB) of Africa. 

Order V. Insessores. — The sixth order of Birds is that 
of the Insessores or Perchers^ often spoken of as the Passerine 
Birds. They are defined by Owen as follows : " Legs slender, 
short, with three toes before and one behind, the two external 
toes united by a very short membrane" (fig. 199, A, B). 

" The Perchers form by far the most, numerous order of birds, 
but are the least easily recognisable by distinctive characters 
common to the whole group. Their feet, being more especially 
adapted to the delicate labours of nidification " (building the 
nest), " have neither the webbed structure of those of the Swim- 
mers^ nor the robust strength and destructive talons which char- 
acterise the feet of the Birds of Rapine, nor yet the extended toes 
which enable the Wader to walk safely over marshy soils and 
tread lightly on the floating leaves of aquatic plants ; but the 
toes are slender, flexible, and moderately elongated, with long, 
pointed, and slightly curved claws. 

"The Perchers, in general, have the females smaller and less 
brilliant in their plumage than the males; they always live in 
pairs, build in trees, and display the greatest art in the con- 
struction of their nests. The young are excluded in a blind 
and naked state, and are wholly dependent for subsistence dur- 
ing a certain period on parental care. The brain arrives in 
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this order at its greatest proportionate size ; the organ of voice 
here attains its utmost complexity ; and all the characteristics 
of the bird, as power of flight, melody of voice, and beauty of 
plumage, are enjoyed in the highest perfection by one or other 
of the groups of this extensive and varied order." 

The structure, then, of the feet gives the definition of the 
order, but the minor subdivisions are founded on 
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A, Fool of Vellow Wagtail; B, Foot of Water-ouiel : C, 
1 btak (HawJlnch) ; D, Dentiroalral beak (Shrike); E, TenuiroMial 
nmiDg-liiid}; F, Fiisiiosliil beak (Swifl). 



the beak ; this organ varying in form according to the nature of 
the food, which may be " small or young birds, carrion, insects, 
fruit, seeds, vegetable juices, or of a mixed kind." In accord- 
ance with this character, the Insessores have been divided into 
four great sections, as follows ; — 

I. Conirostres. — in which the bill is strong and on the whole 
conical, broad at the base and tapering with considerable rapid- 
ity to the point (fig. 199, C). The upper mandible is not markedly 
toothed at its lower margin. Good examples of the Coniros- 
tral beak are to be found in the common Sparrow, Bullfinch, 
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Crow, or Hawfinch (C). The greater part of the Conirostres are 
omnivorous, eating anything which may come in their way ; but 
some are g^anivorous, subsisting upon grains and seeds. To this 
section belong the Horn-bills (Bucerida)^ the Starlings (Stur- 
nidce), the Crows, Jays, and Magpies (Corvida), the Crossbills 
{Loxiad<i)y and the numerous Finches and Larks {Fringillida), 

2. Dentirostres. — The birds of this section are characterised 
by the fact that the upper mandible of the beak is notched or 
toothed on its lower margin near the tip (fig. 199, D). They all 
feed upon animal food, especially upon insects. In this section 
are the Shrikes {Laniidci)^ the Fly-catchers {Muscicapidai), the 
Thrushes (Merulidce), and the Warblers {Sylviado'), 

3. Tenuirostres, — In this section the beak is long and slender, 
gradually tapering to a point (fig. 199, E). The toes are gen- 
erally very long and slender, especially the hinder toe. Many 
live to a great extent upon vegetable juices, and amongst these 
are some of the most fragile and brightly-coloured of all the 
birds. A great many, however, live upon insects, either par- 
tially or entirely, and some of these approach nearly to the 
Dentirostres in many of their characters. Amongst the more 
important groups included in this section are the Creepers 
{CerthidcB), the Honey-eaters {MeliphagidcB\ the Humming-birds 
{TrochilidcB), and the Hoopoes (Upupince). 

4. Fissirostres, — The beak in the Fissirostral birds (fig. 199, F) 
is generally short, and remarkably wide in its gape, and the 
opening of the bill is protected by a number of bristles. This 
arrangement is in accordance with the habits of the Fissirostres, 
the typical forms of which live upon insects and take their prey 
upon the wing. The most typical Fissirostres^ in fact, such as 
the Swallows and Goat-suckers, fly about with their mouths 
open, and the insects which they catch in this way are prevented 
from escaping, partly by the bristles which border the gape, and 
partly by a sticky secretion within the mouth. The most typical 
Fissirostral birds are the Swallows and Martins {HirundtnidcB), 
the Goat-suckers {CaprimulgidcB), and the Swifts {Cypselidce) ; 
but to these the Bee-eaters {MeropidcB) and the King-fishers are 
usually added. 

Order VI. Raptores. — The Birds of Prey are character- 
ised by the form of the beak, which is adapted for tearing ani- 
mal food (fig. 200, B). The upper mandible is the longest, 
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hooked at its point, "strong, curved, sharp-edged, and sharp- 
pointed, often armed with a. lateral tooth " (Owen); The body 
is extremely muscular; the legs are robust, short, with three 
toes in front and one behind ; all the toes armed with strong, 
curved, crooked claws or talons (fig. 200, A). They all feed 




upon the flesh of other animals, which they either kill for 
themselves or find dead, and their flight is generally extremely 
rapid and powerful. They are not polygamous, and the female 
is larger than the male. They usually build their nest in lofty 
and inaccessible situations, and seldom lay more than four eggs. 
The young are hatched in a naked and helpless condition 
The Raptores are divided into two sections— the Nocturnal 




Birds of Prey, which hunt at night, and the Diurnal Birds of 
Prey, which hunt by day. In the former section is only the 
single family of the Owls (Strigida), in which the eyes are lat^e, 
and are directed forwaitis (fig. 201), whilst the plumage Is 
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exceedingly son and loose, so as to render their flight almost 
noiseless. The Owls, for the most part, hunt their prey in the 
twilight or on moonlight nights, and they live mostly upon 
field-mice and small birds, but they will also eat insects and 
frogs. In the section of the diumal Raptores are the Falcons 
and Hawks, the Eagles and the Vultures. In all these the 
eyes are smaller than in the Owls, and are placed laterally, and 
the plumage is not soft. They usually possess extraordinary 
powers of flight. The wings are long and pointed, the sternal 
keel is greatly developed, the pectoral muscles are of large size, 
and many of them exhibit powers of locomotion more rapid 
than those enjoyed by any other members of the animal 
kingdom. 

Sub-class III. Saurornithes. 

Order Saurur-e. — This order includes only the single 
extinct bird, the Archaopteryx, which has been found in the 
Oolitic rocks of Germany. The Archaopteryx was about as 
big as a common rook, and shows many singular points of 
mblance to the true Reptiles. It differs from all living 
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birds in having two free claws to the wing, and in possessing a 
long lizard-like tail. Instead of the plough share- shaped bone 
which terminates the tail in living birds (fig. 187, B), the tail in 
Archaopteryx (fig. 203} is very long, and consists of about 
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twenty distinct and separate vertebra, each of which supports 
a pair of quill-feathers. The tail, therefore, except for the pres- 
ence of feathers, must have been very like that of a Reptile. 

Sub-class IV. Odontornithes. 
Order I. Odontolc*. — This order comprises only a single 
extinct bird, the extraordinary Hesperomis regalis of the Cre- 
i rocks of North America. In this bird (fig. 303) v 




have a gigantic diving-bird, standing some five feet in height, 
but with the wings entirely rudimentary, so that the power of 
flight was entirely absent. The tail was not elongated, as it is 
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in Archaopteryx, but consists of about twelve vertebrae, of 
which the last three or four are amalgamated to form a single 
mass. The bodies of the vertebrae have the form usual among 
birds. The jaws are furnished with numerous conical recurved 
teetht sunk in a deep continuous groove. 

Order II. Odontotorm-ZE. — This order comprises only 
some singular fossil birds from the Cretaceous rocks of North 
America, of which the genus Ichihyomis is the type. In Ich- 
thyomis, as in Hesperomis, the jaws are furnished with numer- 
ous conical teeth, but these are now sunk in distinct sockets. 
The wings are well developed, and the bird must have pos- 
sessed considerable powers of flight. Lastly, there is the extra- 
ordinary character that the bodies of the vertebra were bi-con- 
cave, and in this respect resembled the vertebrae of most fishes 
and of many Amphibians and Reptiles. The size of Ichthyomis 
dispar, the only known species of the genus, seems to have 
been about equal to that of a Pigeon. 
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MAMMALIA. 

CHAPTER XXXI. 

CLASS V. MAMMALIA, 

The Mammalia include all the ordinary quadrupeds, and may 
be shortly defined as comprising Vertebrate Animals in which 
some part or other of the skin is always provided with hairs, 
a$td the young are nourished for a longer or shorter time by 
means of a special fluid—the milk — secreted by special glands — 
the mammary glands. These two peculiarities are of them- 
selves sufficient to separate the Mammals from all other classes 
of the Vertebrate sub-kingdom. In addition, however, to these 
two leading characteristics, the following points are of scarcely 
less importance : — 

1. The skull is united with the spinal column by means of 
two articulating surfaces or condyles, instead of one, as in the 
Reptiles and Birds. 

2. The lower jaw consists of two halves, each composed of 
a single piece, and united in front. The lower jaw, also, is 
always jointed directly to the skull, and there is no quadrate 
bone. 

3. The heart consists — as in Birds — of four distinct cham- 
bers, two auricles and two ventricles. The right and left sides 
of the heart are completely separated from one another, and 
there is never any direct communication between the blood 
sent to the lungs and that sent to the body. The red corpuscles 
of the blood (fig. 150, cl) are, in the great majority of cases, in 
the form of circular discs, and they never contain any internal 
solid particle or nucleus. 

4. The cavities of the chest (thorax) and abdomen are sepa- 
rated from one another by a muscular partition, which is called 
the midriff or diaphragm, and is the chief agent in respiration. 
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5. The respiratory organs are in the form of two lungs, placed 
in the chest, and never communicating with air -receptacles 
situated in different parts of the body. In no case and at no 
period of life are gills or branchiae present 

As regards the skeleton of the Mammalia it is not necessary 
to add much to what was said in speaking of the Vertebrata 
generally. With few exceptions, the spinal column is divisible 
into the same regions as in man — namely, the neck or cervical 
region, the back or dorsal region, the loins or lumbar region, 
the sacral region, and the tail or caudal region (see fig. 146). 
In spite of the great differences observable in the length of 
the neck in different Mammals, the number of vertebrae which 
form the cervical region is extraordinarily constant, being 
almost invariably j^i/^«. In this respect the Giraffe, which is 
on^ of the longest-necked of Mammals, agrees with the Whale, 
which can hardly be said to have a neck at all. The vertebrae 
of the back or dorsal region are mostly thirteen in number, but 
are often more. In man there are only twelve ; and in some 
cases there are only eleven or ten. The lumbar vertebrae are 
usually six or seven in number; five in man; rarely less than 
four. The sacral vertebrae are usually amalgamated to form a 
single bone — the sacrum — but this is wanting in the Whales. 
The number of vertebrae in the tail or caudal region varies from 
four to as many as five-and-forty, and they are usually freely 
movable upon one another. The thoracic cavity or chest in 
Mammals is always enclosed by a series of ribs ; the number of 
which varies with the number of the dorsal vertebrae. As a rule, 
the ribs are united to the breast-bone or sternum in front, not 
by bony pieces, as in birds, but by cartilages. Only the front 
ribs reach the sternum, and these are called the "true" ribs; 
the hinder ribs fall short of the breast-bone, and are called 
the " false" ribs. The sternum is composed of several pieces, 
placed one behind the other, but usually amalgamated to form 
a single bone. It is usually long and narrow in shape, and is 
only rarely furnished with any ridge or keel, as it is in birds. 
The regular number of limbs in the Mammals is four, two 
anterior and two posterior ; and for this reason the Mammals 
are often spoken of as Quadrupeds. Some Mammals, however, 
such as the Whales and Dolphins, have only the anterior limbs, 
and many of the Amphibia and Reptiles walk upon four legs. 
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As regards the structure of the fore-limbs (fig. 147), the general 
plan of conformation is the same as described in treating of the 
Vertebrata generally (p. 238). The shoulder-blade or scapula 
is never absent ; and the coracoid bone, which is so marked a 
feature in the birds, is with hardly an exception amalgamated 
with the scapula. The clavicles or collar-bones are often want- 
ing or rudimentary, but in no Mammal are they ever united 
together in front so as to form a merry- thought or " furculum." 
The regular number of fingers is five, but they vary from one to 
five, the middle finger being the longest and most persistent of 
all, and being the only finger left in the Horse. Properly each 
finger consists of three short bones or phalanges, except the 
thumb, which has two ; but this rule is occasionally departed 
from. Whilst the fore-limbs are never wanting, the hind-limbs 
are sometimes absent, as in the Whales. Generally speaking, 
however, the posterior limbs are present, and the pelvic arch 
has much the same structure as in man. The foot — like the 
hand — consists regularly of five digits, but it is subject to the 
same abortion of parts, as we shall see hereafter. 

The great majority of Mammals possess teeth, but these are 
only present in the embryo of the whalebone Whales, and are 
altogether wanting in the scaly and great Ant-eaters. The 
teeth are also almost invariably implanted in distinct sockets in 
the jaw. Some Mammals have only a single set of teeth ; but 
in most cases the young Mammal possesses a set of what are 
called the w//^- teeth or deciduous teeth, which is ultimately 
replaced by a second set, constituting Xht permanent teeth. No 
Mammal has ever more than two sets of teeth. In man, and in 
many other Mammals, the teeth are divisible into four groups, 
which differ from one another in position, appearance, and 
function. These are termed respectively the incisors, canines, 
prcemolars, and molars. It is impossible to describe fully 
which teeth come under each of these heads without entering 
into unnecessary details as to the structure of the jaws. It 
must be sufficient here to point out the general characters and 
position of these groups in a good illustrative example, such as 
one of the higher Apes (fig. 204). The incisors (/) vary greatly 
in size and number, but they are always placed in the front of 
the mouth, and are the teeth which are used in simply biting 
or dividing the food. The canine or eye tooth (c) is generally 
larger and more pointed than the other teeth. The canines are 
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sometimes wanting, or are sometimes present in one jaw and 
not in the other ; but there are never more than four altogether 
— that is to say, one in each jaw on eacli side. The prsemolars 
and molars {pm and m) are the so-cgiled " back-teeth," and they 




vary a good deal in number and function, being sometimes 
adapted for cutting the food, but more usually for chewing and 
grinding it down. 

All these kinds of teeth are not necessarily present, and the 
teeth furnish most important characters for separating the 
various orders of Mammals from one another. For this reason 
it is usual to express the number of the teeth in any particular 
animal by an arithmetical formula, called \^^ dental formula. 
For example, the formula for the portion of the jaw of the 
Chimpanzee figured above (fig. 204) would be as follows : — 
ii;c\;pm2\mi. 



That this would be the formula is at once evident, when it is 
remembered that the two sides of the jaw of course contain 
exactly the same teeth. Still, the formula as given above only 
includes the lower jaw, and to render it perfect it must take in 
the teeth of the upper jaw as well. This is effected by placing 
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the figures in two rows separated by short lines, all the figures 
in the upper row referring to the upper jaw, and those in the 
lower row to the lower jaw; the short dashes between the figures 
of each row still indicating the teeth on the two sides of the 
mouth. The complete formula would therefore run as follows: — 



.2 — 2 I — I ^ 2—2 3—3 
2 — 2 I — \ ^ 2 — 2 3—3 



In this way the dentition — that is to say, the number and ar- 
rangement of the teeth — can be presented in a manner which 
can be instantly recognised by the eye. It must be remembered, 
however, that the formula seldom exhibits the regularity of 
the one of the Chimpanzee given above. The teeth are not 
necessarily the same in both jaws, and in many cases some may 
be altogether wanting. To show this there is subjoined the 
dental formula of a typical Ruminant animal, such as a sheep : — 

.0 — o o — o , 3 — 3 3—3 

t ; c ; i>m - — - ; ;// - — - = 32. 

3—3 I— I ' -^ 3—3 3—3 

From this formula it will be seen that the sheep has 32 teeth in 
both jaws taken together. The upper incisors and canines are 
wanting, and there are three praemolars and three molars on 
each side of the upper jaw. In the lower jaw there are six in- 
cisors, two canines, and the same number of praemolars and 
molars as in the upper jaw. 

As regards the digestive system of Mammals, the alimentary 
canal and digestive glands have on the whole the same general 
structure and arrangement as in man (pp. 239, 240). Some 
very remarkable modifications, however, in the structure of the 
stomach and in the termination of the intestine occur in cer- 
tain Mammals ; but these will be noticed in speaking of the 
orders in which they occur. 

The cavity of the abdomen in Mammals is always separated 
from that of the thorax by a complete muscular partition — the 
diaphragm. The abdomen contains the greater part of the 
alimentary canal, the liver, pancreas, kidneys, and other organs. 
The thorax contains chiefly the heart and lungs. The heart is 
contained in a membranous sac — the pericardium — and con- 
sists of two auricles and two ventricles. The heart consists 
functionally of two sides, each having an auricle and a ven- 
tricle, which communicate with one another by apertures, so 
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gaaidtd bf valves that the blood can pass bvm the anriclc into 
the ventricle, bat not. nnder ordinary drcnmstanccs. 6oni the 
rmtriclc to the aaricle. Tbeic is in the adult no direct com- 
municatjon between the two ades of the heart. The conise of 
the circulation is indicated in the subjoined diagram, and is 
ihonly as follows : The venous blood, which has become im- 
pure by passing through the tissues, is retnmed by the great 
veins to the rigi/ auricle, from which it passes into the right 
ventricle. From here it is driven through a great vessel, caUed 
the pulmonary artciy, to the 




to the action of the air, and 
becomes arierial blood. It is 
then returned to the heart b; 
a series of vessels called the 
pulmonary veins, and is poured 
into the U/t auricle, from 
which it passes into the left 
ventricle. From the left ven- 
tricle it is propelled lo all parts 
of the body by a great systemic 
vessel, which is called the aorta 
(fig. aos). 

The iuigs of Mammals are . 
two in number, and differ 
from those of birds in being 
freely suspended in membran- 
ous b^s. They are spongy 
and cellular throughout, and 
they never communicate by 
apertures on their surface 
with air-sa.cs placed in dif- 
ferent parts of the body. 

The nervous system of Mam- 
mals is chiefly remarkable for 
the great proportionate de- 
velopment of the brain, as 
compared with the spinal 

In the higher Mammals, also, the two halves (hemispheres) of 
the brain proper {cerebrum) are connected together by a great 
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band or bridge of nervous tissue, constituting what is known 
as the corpus callosum. This structure is not a conspicuous 
feature in the two lowest orders of the Mammalia. The senses, 
as a rule, attain g^eat perfection in the Mammals ; and the only 
sense which can ever be said to be entirely wanting is that of 
sight Eyes, however, are always present, though they may be 
rudimentary; and in those Mammals which are said to be 
" blind," it is not generally that the eyes are wanting, but that 
the skin passes unbrokenly over the eyeball. Even in these 
cases, however, it is not impossible that there may be some per- 
ception of light through the skin. An external ear for collecting 
sounds is usually present ; but it is wanting in the Whales and 
Dolphins, and in some of the Seals. 

The skin is invariably furnished over a greater or less part of 
its surface with the epidermic appendages known as hairs, 
which differ from feathers chiefly in not splitting up as they 
are produced. In the scaly Ant-eater (Manis\ the hairs are 
aggregated together so as to form horny scales ; and in the 
Hedgehog, Porcupine, and other animals, many of the hairs are 
developed into long spines or prickles. In other cases again, as 
in the Armadillos, the skin is more or less covered by an armour 
of bony plates. The only apparent exception to the universal 
presence of hair on some part or other of the integument of all 
Mammals is constituted by the true Cetaceans (Whales and 
Dolphins), many of which are without hair when grown up. 
Some, however, such as the Whales, have a few bristles in the 
neighbourhood of the mouth, even when adult. And the Dol- 
phins, which are totally hairless when grown up, exhibit tufts of 
hair upon the muzzle before they are born. 

The young Mammal is always born in a helpless condition, 
and is nourished for a longer or shorter time by means of the 
milk of the mother. The milk is secreted by special organs, 
called the mammary glands^ which are present in both sexes, 
but are normally undeveloped in the male. The number and 
position of the mammae vary a good deal in different cases, but 
they are always placed on the lower surface of the body, and 
their ducts almost always open upon a special eminence, called 
the teat or nipple. In one or two cases, however, the mam-- 
mary glands open by simple slits in the skin of the abdomen, 
and not by distinct nipples. In ordinary Mammals the milk 
is obtained by voluntary suction on the part of the young, 
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but in the Marsupials (Kanganx>s, Opossums, &c.) the milk 
is forced into the mouth of the young animal by the action 
of a special muscle. 

So much difference of opinion obtains as to the best founda- 
tion upon which to establish a division of the Mammalia into 
great primary sections, that it has been thought advisable to 
leave this subject wholly out of consideration. For our present 
purpose it is enough to adopt the old classification of Mammals 
into the two g^eat divisions of the Placental and Non-flacental 
forms. In the Placental Manmials the young is nourished with- 
in the body of the mother by means of a structure called the 
placenta, through which the nutrient materials of the mother's 
blood reach the young. In consequence of this, the young of the 
Placental Mammals can be retained within the body for a con- 
siderable period, and when bom, they are able to obtain their 
natural food — ^the milk — by their own exertions. In the Non- 
placental Mammals, on the other hand, the young are bom at 
an extremely early period of their development, before there is 
any necessity that a placenta should be formed for the nourish- 
ment of the foetus. In these cases, therefore, the young, when 
bom, are much more immature and helpless than in the case 
of the Placental Mammals. So helpless are they, that they are 
even unable to suck, and have in most cases to be fixed by 
the mother herself upon the teats, whilst the milk is forced into 
their mouths by a muscle which is spread over the mammary 
gland. Adopting these primary sections as practically sufficient 
in an elementary work, the whole class of the Mammalia may 
be divided into the following fourteen orders : — 

Division A. — Aplacental Mammals. 

Order i. — Monotremata. 
Order 2. — Marsupialia, 

Division B. — Placental Mammals. 

Order 3. — Edentata. 
Order 4. — Sirenia. 
Order 5. — Cetacea, 
Order 6. — Ungulata, 
Order 7. — Dinocerata. 
Order %,—Tillodontia, 
Order 9. — Toxodontia, 
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Order lo.—Hyracoidea, 
Order ii.—Proboscidea, 
Order 12. — Camivora. 
Order i^.—Rodeniia, 
Order \^— Cheiroptera, 
Order 15. — Insectivora. 
Order 16. — Quadrumana, 
Order 17. — Biniana, 
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CHAPTER XXXIL 

ORDERS OF MAMMALIA. 

Order I. Monotremata. — The first and lowest order of the 
Mammals — that of the Monoiremaia — comprises only two very 
remarkable genera, both of which are exclusively confined to 
New Holland. These are the Duck-mole (Omithorkynckus) 
and the Porcupine Ant-eater {Echidna). The Monotremaia 
aLTt essentially characterised by the fact that, as in Birds, the 
termination of the intestine opens into a common chamber or 
cloaca^ which receives also the ducts of the urinary and repro- 
ductive organs. The jaws are destitute of true teeth ; but the 
Ornithorhynchus has a kind of b'eak, like the bill of a duck, 
furnished with small homy plates, which act as teeth. The 
pectoral arch, which supports the fore-limbs, resembles that of 
Birds in several respects, but especially in the fact that the 
coracoid bones are distinct, and are not amalgamated with the 
shoulder-blade. There is no pouch developed on the abdomen 
of the females, but there are the so-called " marsupial bones." 
These are two small bones which arise from the front of the 
pelvis. They are really to be regarded as formed by a con- 
version into bone of the tendons of one of the muscles of the 
abdomen. There are no external ears. The mammary glands 
have no nipples, and the young are said to be devoid oidLplacenta. 

The Duck-mole (fig. 206) is one of the most extraordinary of 
Mammals, and is found inhabiting the rivers and lakes of Aus- 
tralia and Tasmania. The body resembles that of a small otter, 
and is covered with a short brown fur. The tail is broad and 
flattened, and the jaws are sheathed with horn, so as to form a 
flattened beak, very like the bill of a duck. The legs are short, 
furnished with five toes each, and webbed, so that the animal 
swims with great facility. Their food consists chiefly of aquatic 
insects and molluscs, and they make very extensive burrows in 
the banks of streams. 

The other genus of the Monotremaia comprises the Porcupine 
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Ant-eaters {Echidna or Tackyglossus), which are not unlike 
large hedgehogs in appearance. The snout is very long, and is 




enclosed in a u k p ts m 

where there is a small aperture for the protrusion of a long and 
flexible tongue. There are no teeth, or any oi^ans to act as 
teeth. The feet have five toes each, and are furnished with 
strong digging- claws, but the toes are not webbed. The skin is 
covered with strong prickly spines interspersed with bristly hair. 
The Echidna hyslrix measures from fifteen to eighteen inches 
in length, and is a nocturnal animal. It lives in burrows, and 
feeds upon insects, which it captures by protruding its long 
sticky tongue. 

CfRDER II. Marsupialia.— The name of Marsupials is de- 
rived from the fact that the females of this order are mostly 
furnished with an abdominal pouch or marsupium, within 
which the nipples are situated. When born, the young are 
placed by the mother within this pouch, where they adhere to 
the teats, and can be carried about without injury. Even when 
further advanced in their development, the young often betake 
themselves to the shelter of the marsupium. The so-called 
"marsupial bones" are present, and as they spring from the 
front of the pelvis they no doubt serve to support the pouch; 
but this cannot be their sole use, as they exist in the males, 
and also in the Monotremes, in whom there is no pouch. All 
Marsupials possess teeth, and the pectoral arch has now the 
same form as in the higher Mammals, the coracoid bones being 
now amalgamated with the shoulder-blade. The intestine 
does not terminate in a cloaca. 
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Though the Martuptalia fonn an extremdf natural order, 
sharply separated from the other Mammals, they include a 
large number of varied forms. In fact, this order, from its 
being the almost exclusive possessor of a continent so large as 
Australia, has to discharge, in the general economy of nature, 







fiinelions which are elsewhere performed by several orders. 
As regards their geographical distribution, with the single 
exception of the family Didelphida (the true Opossums), the 
whole order of the Marsupials is exclusively confined to 
Australia, Van Diemen's Land, New Guinea, and the adjacent 

The Marsupials may be primarily divided into the vegetable- 
ealing and the rapacious or carnivorous forms — the former char- 
acterised by the absence or rudimentary condition of the canine 
teeth, the molars having broad, grinding crowns; whilst in the 
latter there are well-developed canines, and the molars are not 
adapted for grinding. Of the vegetable -eating forms, the best 
known are the Kangaroos {Macropodida), distinguished by the 
remarkable disproportion between the hind and fore limbs, the 
former being by far the longest and strongest By their long 
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hind-legs, assisted by a powerful tail, the Kangaroos can per- 
form astonishing jun^ps, and, in fact, leaping is their mode of 
progression when pursued. 

The typical Kangaroos live on the great grassy plains of 
Australia ; but the Tree Kangaroos spend a great part of their 
time in trees, and the Rock Kangaroos affect mountainous 
districts. The Kangaroo-bear or Native Sloth (Phascolarctos 
cinereus^ fig. 207) has no tail, and has the body covered with a 
short, dense fur, whilst the ears are tufted. The fore-feet can be 
used as hands, and the toes are all furnished with strong curved 
claws. It is a harmless nocturnal animal, and spends most of 
its existence in trees. The typical group, however, of the vege- 
table-eating Marsupials is that of the Phalangers, comprising a 
large number of small animals which live in trees, and generally 
possess a prehensile tail. The most familiar example is the 
Australian " Opossum " (Phalangista vuipind), which is largely 
hunted by the natives. In the so-called "flying" Phalangers, 
again, the tail is not prehensile, and the animal takes extensive 
leaps from tree to tree, by means of a fold of skin which 
stretches between the body and the fore and hind limbs. 

Of the carnivorous Marsupials, the Bandicoots (Perameles), 
the Native Devil {Dasyurus), the Native Tiger {Thylacinus), 
and the American Opossums (Didelphidce), may be mentioned. 
The Bandicoots are little, rabbit-like Australian animals, which 
live upon insects, and seem to fill the place held in the Old 
World by the Hedgehogs and Shrew-mice. The Native Devil 
and Thylacine, though both of comparatively small size, are 
extremely ferocious, and do much mischief to the flocks of the 
Tasmanian colonists. About twenty species of Didelphidce are 
known, and they are all exclusively confined to the American 
continent. They are all of small size, have prehensile tails, and 
mostly live among trees. The best - known species is the 
Virginian Opossum {Didelphys Virginiana), 

Order III. Edentata or Bruta. — This order of Placental 
Mammals comprises the Ant-eaters, Armadillos, and Sloths, 
and is characterised by the fact that the teeth are not covered 
with enamel, have no complete roots, and are never replaced by 
a second set. Further, in none of the Edentates are there any 
central incisor teeth, and in all but one there are no incisors at 
all. In two genera only are there no teeth ; so that the name 
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Edentata is not a very appropriate one. In aU, the toes are fur- 
nished with long and powerful claws. 

The Edentata admit of division into two sections, according 
as they live upon a vegeta.ble diet and live in trees, or are 
carnivorous and live upon or below the ground. In the first 
section are only the Sloths {Bradypodida), which are exclusively 
confined to South America, inhabiting the vast primeval forests 
of this continent. They are in every way adapted for an arbo- 
real life, and are " destined to be produced, to live, and to die 
on trees." They are very awkward when upon the ground ; 
but the feet are furnished with extremely long curved claws, 
so that the animal is enabled to move about freely, suspended 
back downwards from the branches of the trees. The Armadil- 
los {Dasypodida, fig. 208) are also exclusively confined to South 




America ; but they are carnivorous, burrowing animals, and are 
furnished with strong digging-claws. The upper surface of the 
body is covered with a kind of armour, formed of hard bony 
plates or shields, which are united at their edges. Most of them 
can roll themselves up into a ball, and they can all bury them- 
selves in the ground when pursued. 

The remaining South American Edentates are the hairy 
Ant-eaters, of which the best known is the great Ant-eater 
{Mynnecofihaga jiibata). The body in this family is covered 
with hair, the tail is long, and the teeth are altogether wanting. 
They feed chiefly upon ants and termites, which they catch by 
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protruding their long and sticky tongues, having previously 
broken into the nest by means of their strong curved claws. 

The Edentata are represented in the Old World by only two 
genera. One of these is the genus Manis^ comprising the scaly 
Ant-eaters or Pangolins, which are exclusively confined to Asia 
and Africa. In these singular animals the body and tail are 
covered by a flexible armour, composed of homy plates or scales 
overlapping like the tiles of a roof. The other genus is Oryc- 
teropuSf comprising only the so-called Ground Hog of South 
Africa ; which also lives upon insects, and burrows by means 
of its strong digging-claws. 

As regards the geographical distribution of the Edentata, it 
is to be remembered that the order has a very limited range at 
the present day. The true Ant-eaters, the Armadillos, and the 
Sloths, are exclusively confined to South America, in which 
country a group of gigantic extinct Edentates existed in the 
later portion of the Tertiary epoch. The scaly Ant-eater is 
common to Asia and Africa ; and the Ground Hog is confined 
to South Africa. 

Order IV. Sirenia. — This order comprises only certain large 
marine Mammals, known as Dugongs and Manatees, which 
were long classed with the Whales and Dolphins {Cetaced). 
They agree with the Whales in the adaptation of the body to 
an aquatic life, especially in the facts that the anterior limbs are 
converted into swimming-paddles, the hind-limbs are wholly 
wanting, and the hinder end of the body forms a powerful 
caudal fin, which is placed so as to strike the water horizontally, 
and not vertically as in Fishes. They differ from the Cetacea 
in having the nostrils placed at the anterior part of the head, 
and in having molar teeth with flat crowns, adapted for a 
vegetable diet. Fleshy lips are present, the upper one usually 
with a moustache, and the skin is covered with scanty bristles. 
The head is not disproportionately large as compared with the 
body, and there is a tolerably distinct neck. They are vegetable 
eaters, feeding chiefly upon sea-weeds, and haunting the mouths 
of rivers and estuaries. 

The only existing Sirenia are the Manatee {Manatus) and the 
Dugong (Halicore), often called " Sea-cows." The Manatees 
(fig. 209) are found on the east coast of America and on the 
west coast of Africa. They are large awkward animals, attain- 
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ing a length of from eight to ten or fifteen feet, and their flesh 
is said to be very palatable and wholesome. The Dugongs 
differ little in appearance and habits from the Manatees. They 
are found on the coasts of the Indian Ocean and the north 
coast of Australia, and are often killed and eaten. They attain 
a length of from eighteen to twenty feet. The bones of the 
skeleton are remarkable for their extreme hardness and density.* 




n 



Fig. 209. — A, Side view of young Manaius ATttericanus, B, the same viewed 

from above ; n Nostrils. (After Murie.) 

Besides these living forms, the Sirenia were represented by a 
gigantic species which formerly inhabited Behring Island on 
the coast of Kamtchatka. This animal was described byaM. 
Steller who accompanied Behring on his second expedition, 
and he named it Rhytina. This enormous animal attained a 
length of twenty-five feet, and a circumference of twenty feet, 
and it appears to have been completely exterminated, no speci- 
men having been seen for two centuries. 

Order V. Cetacea. — This order comprises the Whales^ 
Dolphins, and Porpoises, and it is characterised by the complete 
adaptation of its members to a watery life. The body (fig. 210) 
is completely fish-like in form, the fore-limbs are converted into 
swimming-paddles, and the hind-limbs are completely wanting; 
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whilst the hinder end of the body forms an extremely powerful, 
horizontal caudal fin. Sometimes there is a dorsal tin as well. 
The nostrils may be single or double, but always are placed on 
the top of the head, constituting the " blow-hole." The body is 
very sparingly furnished with hairs, or is wholly without them 
in the adult The head is generally of disproportionately large 
size as compared with the body, and is rarely separable from the 
trunk by any distinct constriction or neck. There is no sacrum, 
and the pelvis is only represented in a rudimentary form. 
Lastly, the adult is either wholly destitute of teeth, or possesses 
only a single set, which are always conical in shape, and are 
never divisible into distinct groups. All the true Cetacea are 
carnivorous, living upon animal food. 

Chief amongst the Cetaceans in importance and zoological 
interest are the Whale-bone Whales (BalcenidcB\ in which the 
adult is destitute of teeth, though the young whale possesses 
teeth which never cut the gum. The place of teeth is taken by 
a series of transverse plates of whale-bone or baleen^ which are 
used as a kind of screening apparatus or filter to separate 
from the sea-water the minute Molluscs and Jelly-fishes upon 




Fig. 2IO. — Cetacea. The common Dolphin {Deiphiniis delphis), 

which these enormous animals live. The most important 
member of this family, from a commercial point of view, is the 
Greenland Whale {Balcena mysticetus), which yields most of 
the whale-oil and whale-bone of commerce. The Greenland 
Whale attains a length of from forty to sixty feet, and of this 
enormous length about a third is taken up by the head alone. 
The oil is derived from a thick layer of fat or " blubber," which 
is situated under the skin, and serves to protect the body from 
cold. Though an inhabitant of the sea, the whale is obliged to 
come to the surface to breathe, and in so doing it ejects from the 
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blow-hole what looks like a column of water, the whole opera- 
tion being known to the whalers as " blowing.** The true nature 
of this act is now hardly questionable, and it appears certain 
that the apparent jet of water is in reality, mainly if not entirely, 
due to the condensation of the moisture which is contained in 
the air expelled from the lungs. The old view was that " blow- 
ing " consisted in the whale ejecting through the nose the water 
which had previously been filtered through the baleen-plates of 
the mouth ; but it appears to be quite certain that this view, 
at any rate, is not the correct one. The Rorquals or Finner 
Whales resemble the Greenland Whale in most respects, but 
the skin is furrowed with deep plaits or folds, and there is a 
dorsal fin, placed on the back. Some of these attain a gigantic 
size (eighty feet or more), but they are seldom captured, as their 
commercial value is small. 

The Toothed Whales (Odontocett) are best known by the 
Sperm Whale, an animal as large or larger than the Greenland 
Whale, but distinguished by having numerous conical teeth, 
a single blow-hole, and a curiously truncated head. They yield 
an excellent oil, and the singular fatty substance which is 
known as " spermaceti." They also yield the substance called 
*' ambergris," which is used as a perfume ; but this is probably 
a product of disease. 

The last family of the Cetacea needing mention is that of the 
DelphinidcB^ comprising the Dolphins (fig. 210) and Porpoises. 
They have numerous conical teeth in both jaws, and the nostrils 
open by a single aperture on the top of the head. The Dolphins 
are inhabitants of the sea, but two species live in rivers,— one in 
India, and the other in America. The Porpoises are also marine, 
and occur in all seas. The most remarkable of the Delphinida 
is the Narwhal or Sea-unicorn, which is found in the Arctic 
seas, and which attains a length of as much as fifteen feet in the 
body alone. The chief peculiarity of the Narwhal is in the den- 
tition. The females, as a rule, have no front teeth, the upper 
jaw alone having two rudimentary canines which never cut the 
gum. In the males, however, whilst the lower jaw is without 
teeth, one of the two canines of the upper jaw is enormously 
developed, and grows throughout the life of the animal. It 
forms a tusk of from eight to ten feet in length, the whole sur- 
face of which is spirally twisted. The function of this extra- 
ordinary tooth is doubtless offensive. 
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Order VI. Ungulata. — This order is often spoken of as 
that of the Hoofed Quadrupeds, and is one of the largest and 
most important of the orders of Mammalia. The order is 
characterised by having all the four limbs and by having that 
portion of the toe which touches the ground encased in a greatly 
expanded nail or hoof. There are never more than four full- 
sized toes to each leg, and owing to the presence of hoofs the 
limbs are useless for grasping, and are only of use in locomo- 
tion and in supporting the weight of the body. There are 
always two sets of teeth, and the molars have broad crowns 
adapted for grinding vegetable substances. 

The Ungulata are divided into two great primary sections, 
according as the toes are even or odd in number : — 

A, Perissodaciyla, or Odd- toed Ungulates y in which the toes 
are odd in number — either one or three,* If horns are pres- 
enty they are not in pairs {in any living form), 

B, Artiodactyla, or Even-toed Ungulates ^ in which the toes 
ate even in number — either two or four j and if horns are 
present^ they are in pairs. 

The living Perissodactyle Ungulates are the Rhinoceros, the 
Tapirs, and the Horse and its allies. The Rhinoceroses are ex- 
tremely large and bulky brutes, having a very thick and nearly 
hairless skin, usually thrown into deep folds. The feet (fig. 
211, B) are furnished with three toes each, all encased in hoofs. 
The nose is furnished with one or two horns, composed of 
longitudinal fibres compacted fbgether, and not having any 
central core of bone. When there is only one horn, it is, of 
course, unsymmetrical ; and when there are two, these are not 
paired, but (except in some fossil forms) one is always placed 
behind the other in the middle line of the head, and the hinder 
one is much the shortest. The various species of Rhinoceros 
are found in India, Java, Sumatra, and Africa, inhabiting 
marshy places and feeding chiefly on the foliage of trees. The 
Tapirs have four toes to each of the fore-legs, but only three 
toes on the hind-legs, so that they are really odd-toed. The 
nose forms a short movable proboscis, used in stripping off the 
leaves of trees. They are large clumsy animals, which inhabit 
South America, Sumatra, and Malacca. The third and last 
family of the Perissodactyla is that of the Eguidce, comprising 

* The fore-feet of the Tapirs are even-toed, but the hind-feet are perissodactyle ; 
and in some extinct types we find five toes to the foot. 
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the Horse, Ass, Zebra, and Quagga. In this family the toes, 
in all living forms, are reduced to otu to each foot, enclosed in 
a single broad hoof, without any supplementaij hoofs. In 
some of the extinct horses there are more than one toe on each 




Fig. III.— F«lof UngoUia. A, Forc-Fiwloi'Tapir(7'ii/inu.ir<iZi.nHiu-; B.Pet- 
i&wdactyle fDre-rool of RUnxmt SumairtnBi ; C, Aniixla«Tlc foot of Pig 
{Shi t£Tv/ai- Th« figures indicale ^hich of ibe DOnAaJ five digits ut pnsenl ia 
each foot <Aftcr Flower ) 

fooL There is a continuous series of incisor teeth in both 
jaws, and in the males canines are present The dental for- 
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All the varieties of Horses appear to be descended from the 
single species Eguus caballus. which seems to have been primi- 
tively a native of Central Asia, When the American Continent 
was discovered it certainly possessed no living horse, but the 
horse has now become completely naturalised there, and we 
know that America formerly possessed about twenty species of 
horses, all of which are now extinct. In the genus Asi'nus are 
the Asses, Zebras, and Quaggas. The wild Ass is a native of 
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Asia, and the domestic Ass is perhaps descended from it The 
Zebras and Quaggas are exclusively African, and are distin- 
guished by their beautifully striped and banded bodies. 

The Artiodactyles or Even- toed Ungulates are divided into 
two groups, — 

1. Omnivora, as the Pig and Hippopotamus. 

2. Ruminantia, which chew the cud, such as Oxen, Deer, 
Camels, &c. 

Of the Omnivorous forms, the Hippopotamus is characterised 
by its massive heavy body, short blunt muzzle, and feet with 
four hoofed toes each. The Hippopotamus is found in the 
rivers of Abyssinia, and throughout the whole of Africa to the 
south of this. It reaches a length of from eleven to twelve feet, 
is nocturnal in its habits, and swims and dives with great 
facility. The Pigs, Peccaries, and Wart - hogs constitute the 
family Suida, and have usually four toes to each foot, though 
sometimes the hind-feet have only three toesi All the toes are 
hoofed, but it is only two which support the weight of the body, 
the remaining toe or toes being placed at some elevation on the 
back of the foot. The snout is truncated and cylindrical, and 
is capable of extensive movement. The tail is very short, or is 
represented only by a tubercle. 

Of the Swine the most important and best known is the Wild 
Boar {Sus scrofd), from which it is probable that all our domes- 
tic varieties of swine have sprung. Another form is the Baby- 
roussa or Hog-deer {Sus babyrussd)^ which inhabits the Indian 
Archipelago, and is remarkable for the great size and backward 
curvature of the upper canine teeth. The Wart-hogs {Phaco- 
chasrus) are African, and derive their name from the possession 
of a fleshy wart under each eye. The Peccaries are exclusively 
American, the best-known species being the Collared Peccary 
(Dicotyles torquatus). They are not at all unlike small pigs 
both in appearance and habits, and they are generally found in 
small flocks. 

The Ruminantia form a most natural group of the Ungtdata, 
characterised by the structure of the foot, the dentition, and 
the structure of the stomach. 

T\i^foot is *' cloven," consisting of a symmetrical pair of toes, 
encased in hoofs, and looking as if produced by the cleavage of 
a single hoof. In most cases there are also two small supple- 
mentary hoofed toes placed on the back of the foot 
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As regards the dentUioit, the typical state of things is that 
there should be no incisor or canine teeth in the upper jaw, but 
that the lower jaw should have six incisors and two canines, 
which are all similar in size and form, and constitute a con- 
tinuous and uninterrupted series of £i^A/ teeth placed in the 
front of the lower jaw. There are six molar teeth on each ade 
of each jaw, and these have grinding surfaces. The typical 
dentai formula, therefore, for a Ruminant is — 



3-3' i-i'" 6-6 ■" 

In the absence of incisor teeth in the upper jaw, the lower in- 
cisors bite against a callous pad of hardened gum. The Camel 
tribe differs in its dentition from the above t3^ical formula, and 
certain exceptions likewise occur in the males of some other 
forms, and in one or two other less important instances. 

The stomach in the Ruminants is complex, and is divided 
into several compartments, this being in accordance with their 
mode of eating. They all, namely, "ruminate" or "chew the 
cud ;" that is to say, they first swallow their food unmasticated, 
and then bring it up again after a longer or shorter period in 




order to chew it. This is effected as follows (fig. i\i^. The 
gullet opens at a point between the first two compartments or 
stomachs, of which the largest lies to the left and is called the 
" paunch," whilst the smaller right cavity is called the " honey- 
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comb bag" {reticulum). The paunch {rumen) is the cavity into 
which the food is first received, and here it is moistened and 
allowed to soak for some time. After the food has lain suffi- 
ciently long in the paunch, it passes into the " honeycomb bag," 
from which it is ultimately returned in successive portions to 
the mouth by a reversed action of the muscles of the gullet. 
After having been thoroughly chewed, and prepared for diges- 
tion, the food is now swallowed a second time. On this 
occasion, however, instead of passing into the paunch, the 
masticated food is conveyed into the third stomach. This is 
known as the " many-plies " or ** psalterium" because its lining 
membrane is thrown into a number of longitudinal folds, like 
the leaves of a book. The psalterium opens by a wide apertufe 
into the fourth and last stomach, known as the " abomasum" 
This is a cavity of considerable size, which secretes the true 
digestive fluid (gastric juice), and it is here that the food is 
really digested. The abomasum terminates, of course, in the 
commencement of the small intestine. 

The Ruminantia include a number of families of which it is 
only possible to notice the leading characters. 

The family Camelidce comprises the Camel and Dromedary 
of the Old World and the Llamas of the New, and is character- 
ised by having no horns, by having two incisors in the upper 
jaw, and a pair of canines in both jaws ; whilst the foot con- 
sists of only two toes, covered with imperfect nail-like hoofs, 
and destitute of the two supplementary toes. The soles of the 
feet are covered with a callous horny integument upon which 
the animal walks. 

In the Camels the toes are conjoined below by a callous pad, 
and the back is furnished with one or two fleshy humps. The 
Arabian Camel or Dromedary has but one hump, and its struc- 
ture admirably adapts it for a beast of burden in the sandy 
deserts of Arabia and Africa. One special provision toward 
this end is the possession of large cells in the paunch, in which 
a great quantity of water can be stored up, thus enabling the 
animal to travel for days without drinking. The Bactrian 
Camel resembles the Dromedary in most respects, but it pos- 
sesses two humps. The place of the Camels of the Old World 
is filled in South America by the Llamas and Alpacas {Auch- 
enia), which have separate toes, and have no hump. The 
Llama is extensively used as a beast of burden, but the Alpaca 
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is chiefly of value for its long wool, which is lai^ely manu- 
lactured. 

The small family of the Tragulida includes the little deer- 
like animals which are known as " Chevrolains." These are 
ver>'like the true Musk-deer {which are now placed with the 
Cervidce), and have no horns, while the canine teeth are devel- 
oped in both jaws, and the upper canines of the males are tusk- 
like. The TragulidiE are found in India, the Indian Archi- 
pelago, and Africa, 

The family Cervida includes the true Deer and the Musk- 
deer, and is characterised by the fact that the forehead carries 
two solid bony antlers, which are not hollow, and are usually 
much branched (fig. 213). With the single exception of the 




Reindeer, these appendages are exclusively confined to the 
males, and are deciduous ; that is to say, they are only pro- 
duced at certain seasons (annually, at the breeding season), 
and when they have fullilled their purpose, they are shed- 
They increase in size and in the number of branches every 
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time they are reproduced, till in the old males they may attain 
an enormous size. 

Among the more familiar of the Deer may be mentioned the 
Elk, or Moose {Alces Americanus) of Scandinavia and North 
America; the Reindeer and Caribou (Cervus tarandus) of 
Northern Europe, Asia, and North America; the Red Deer 
{Cervus elaphus, fig. 213) of Europe; the Wapiti (C Canaden- 
sis) of Canada ; and the Roebuck (Capreolus caproed) of North- 
ern Europe. 

Of the Giraffes or Camelopardalidce there is only a single 
living form, exclusively confined to the African continent. 
Both sexes have two pairs of short horns, carried on the fore- 
head ; but these are persistent, and are covered with a hairy 
skin. The neck is extremely long, and the fore-legs much 
longer than the hind-legs. It is the largest of living Ruminants, 
and measures as much as from fifteen to eighteen feet in height. 

The Cavicomia or Hollow-homed Ruminants comprise the 
Oxen, Sheep, Goats, and Antelopes, and are characterised by 
having horns, which may be present in one or both sexes, and 
consist of a homy sheath surrounding a central bony axis, or 
" horn-core." The horns are persistent, and are not periodically 
shed, and there is usually only a single pair, though sometimes 
there are two pairs. In their dentition, and in other respects, 
the Cavicomia are to be regarded as being the most typical 
examples of the Ruminantia^ and they include a number of 
animals which are of the highest utility to man. 

The Antelopes form a very extensive group, closely resem- 
bling the true Deer, but distinguished by the possession of 
hollow horns, in plac? of solid antlers. Most of the Ante- 
lopes are African, and there are only two European forms 
(the Chamois being one), while America possesses only the 
Prong-buck (^Antilocapra furcifer). Among the more familiar 
African species may be mentioned the Koodoo (fig. 214), 
the Gnu, the Gemsbok, and the Springbok. The Sheep and 
the Goats {Ovidce) are closely allied to one another, and are 
well known by their domestic varieties. All the Sheep appear 
to be natives of the Old World, with the exception of the " Big- 
horn" (pvis montand) of the Rocky Mountains. Among the 
true Oxen {Bovidce) the ipost important species is the domestic 
Ox {Bos taurus) with its innumerable varieties. The true Buf- 
falos {Bubalus) are natives of Asia and Africa, and are charac- 
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terited by iheir wide horns united at the base. The AmericaD 
Buf&lo, or Bison, as it is properly called (Biiom AnurieoMut), 
is distinguished by its enormous head, shaggy mane, and 




conical hump between the shoulders. America also p 
another singular Ox in the person of the Musk Ox {Ovibos 
moschatus), which is found north of the 6oth parallel, and is 
remarkable for its small size and long woolly coat 

Order VH, Dinocerata. — This order comprises only some 
extraordinary extinct animals found in the tertiary deposits 
(Eocene) of North America, In Dinoceras, which may be 
taken as the type of the group, we have an animal of large size, 
resembling the Elephants in most of the details of the skeleton, 
with five well-developed toes on the fore-feet, and with four 
functional toes on the hind-feet, the hallux being rudimentary. 
No trunk or "proboscis" was present, but there are three pairs 
of bony processes, or " cores," which seem to have carried as 
many hollow horns, one pair being on the nasal bones, another 
on the upper jaws, and the third (the largest) on the frontal 
bones. The upper jaw is without incisors, but carries huge 
tusk-like canines, and a series of six small prsemolars and 
molars is present on each side. In the lower jaw are six 
incisors, small canines, and a corresponding series of premolars 
and molars. 

Order VIII, TiLLODO-»iTiA.~This is another extinct order of 
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Mammalia, comprising some singular fossil qu«idnipeds from 
the Tertiary deposits (Eocene) of North America. The animals 
included in this order resemble the Beasts of Prey {Camivora) 
most closely as regards the general structure of the skeleton, 
and especially as to the conformation of the feet ; but they 
possess also characters which ally them to the Ungulata and to 
the Rodentia. One of the most striking characters is the pres- 
ence in the front of each jaw of a pair of huge incisor teeth, 
which resemble the corresponding teeth of the Rodent animals 
in having chisel-shaped crowns, and in growing throughout the 
life of the animal. 

Order IX. Toxodontia. — This is a third extinct order of 
Mammals, comprising certain large fossil quadrupeds from the 
later Tertiaiy deposits of South America, the true relationships 
of which are quite uncertain. The molar and praemolar teeth 
have flat grinding crowns, but they grow from permanent pulps, 
and continue growing throughout the life of the animal — a fea- 
ture specially characteristic of many Rodents. The incisors 
resemble those of the Ungulates generally, and the canines are 
small, and in the upper jaw are deciduous. 

Order X. Hyracoidea. — This order includes only a single 
small genus (Hyrax), of which only two or three species are 
known. They are all gregarious little animals, mostly living in 
holes of the rocks, and capable of domestication. One species 
{Hyrax Capensis) occurs commonly in South Africa, and is known 
to the Dutch colonists as the " Badger." Another species {Hyrax 
Syriacus) occurs in the rocky parts of Arabia and Palestine, and 
is believed to be the " coney " of Scripture. They present many 
curious points of resemblance to the gigantic Rhinoceros, and 
are often placed in the same order, the similarity being especially 
great as regards the form of the molar teeth. The incisor teeth 
of the upper jaw are long and curved, with sharp cutting edges, 
and they grow from a permanent pulp, thus resembling the 
teeth of the genuine Rodents (such as the Rabbit or Beaver). 

Order XI. Proboscidea. — This order is only represented 
at the present day by the Elephant, of which there are only two 
species living. One of these is the African Elephant, which is 
distinguished by its convex forehead and great flapping ears ; 
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the other is the Indian Elephant, which has a concave forehead 
and small ears. The Proboscid^a are characterised by having 
the nose prolonged into a cylindrical trunk or proboscis, at the 
extremity of which the nostrils are placed (fig. 215, Jt). The 
trunk is extremely flexible and highly sensitive, and terminates 
in a finger-like prehensile lobe. There are no canine teeth ; 
the molars are few in number, large, and trans\'ersely ridged, 
or furnished with tubercles. In the living forms there are no 
lower incisors, but the upper incisors are two in number, grow 
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Fig. 215.— Skull of the Indian Elephant {Elephas Indictts). i Tusk-like upper 
incisors ; m Lower jaw, with grinding molars, but without incisors ; n Nostrils, 
placed at the extremity of the proboscis. 

from a permanent pulp, and constitute enormous tusks (fig. 2 15, 
t). In some of the extinct forms {Deinotherium) there are two 
tusk-like lower incisors, and sometimes {Mastodon) both the 
lower and upper incisors are developed into tusks. The feet 
are furnished with five toes each, but these are only partially 
indicated externally by the divisions of the hoof. The animal 
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walks upon thick pads of integument, which constitute the soles 
of the feet. 

The Indian Elephant inhabits India and the Indian Archi- 
pelago, and has five hoofs on the fore-feet, but only four on the 
hind-feet. Like the Ceylon Elephant, which is a mere variety, 
the males alone possess well-developed tusks. The African 
Elephant has four hoofs on the fore-feet, and only three on 
the hind-feet, while it is smaller and darker in colour than the 
Indian species. Both sexes also possess tusks, though those 
of the males are largest. All the Elephants feed upon vege- 
table matter. 

Though there are now but two living species of Elephant, 
there is no doubt but that some of the fossil forms have died 
out since the appearance of man upon the globe. Of these, the 
best known is the Mammoth, frozen carcasses of which have been 
found in the icy wilds of Siberia, 

Order XII. Carnivora. — The twelfth order of Mammals is 
that of the Carnivora or Beasts of Prey, comprising the Lions, 
Tigers, Wolves, Dogs, Cats, Hyaenas, Seals, Walruses, &c. The 
Carnivora are distinguished by possessing two sets of teeth, 
which are simply enamelled, and are always of three kinds, 
incisors, canines, and molars, differing from one another in size 
and shape. The incisor teeth are generally six in each jaw ; 
the canines are always two in each jaw, and are much longer 
and larger than the other teeth. The molars are mostly cutting 
teeth, furnished with sharp uneven edges, but one or more of 
the hinder teeth have tuberculate crowns. The molars, too, 
graduate from a cutting to a tuberculate form as the diet is 
strictly carnivorous or becomes more or less miscellaneous. 

The dental formula differs considerably in different members 
of the order, but subjoined is the dental formula of the Cats 
(JFelidcB), which are the most typical examples of the Carnivora — 

•3—3 I — ^ J. 3—3 I— I 

t - — - ; c ; fim =^— - ; m = 30. 

3 — 3 ' I — I ^ 2 — 2 I — I "^ 

Besides the strictly flesh-eating dentition of the Camiwra, 
the order is distinguished by always having the feet provided 
with strong curved claws, and the collar-bones (clavicles) are 
either quite rudimentary, or are altogether absent. The Car- 
nivora are divided into the following three sections, founded 
upon the nature of the limbs : — 
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I. Pinnigrada (fig, 216, B), in which both the fore and hind 
legs are short, and the feet form broad, webbed, swimming- 
paddles. The hind-feet are placed very far back, nearly in a 
line with the axis of the body, and they form with the hinder 
end of the body a powerful caudal fin. In this section are the 
Seals and Walruses. 




% (fig. 216, A), comprising the Bears, in which 
the whole, or nearly the whole, of the foot is applied to' the 
ground, so that the animal walks upon the soles of the feet 

3. D!gitigrada{'ag.'i\6, C), comprising the Cats, Lions, Tigers, 
Dogs, &c., in which the heel is raised from the ground, and the 
animal walks upon tiptoe. 

The Seals and Walruses, forming the family Pinnigrada, are 
distinguished from the other Carnivora by their adaptation to 
an aquatic mode of life. In this respect they agree with the 
thoroughly aquatic Whales and Dolphins, but they differ from 
both the Cetacea and the Sirenia, not only in their dentition, 
but also in always having well-developed hind-limbs. The 
Seals (fig. 217) are characterised by having incisor teeth in 
both jaws, at the same time that the canine teeth are not 
immoderately developed. They form a very numerous family, 
of which species are found in most seas out of the limits of the 
tropics. They abound, however, especially in the seas of the 
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Arctic and Antarctic regions. They are largely captured both 
for their oil and for their fur. The Walrus or Morse^ (Trie Aecus) 
is distinguished from the true Seals by the fact that in the adult 
only two of the upper incisors are present ; whilst the upper 
canines are enormously developed, and form two pointed tusks — 




Fig. 217. — Greenland Seal {Phoca Granlandica). 

fifteen inches or more in length — ^which are directed downwards 
between the small lower canines, and project considerably 
below the chin. The Walrus is a large heavy animal, from 
ten to fifteen feet in length, which is found in flocks in the Arctic 
seas, and is hunted both for its blubber and for the ivory of the 
tusks. 

The Plantigrade Carnivora apply the whole or the greater 
part of the sole of the foot to the ground in walking ; and this 
portion of the foot is nearly or altogether destitute of hairs, 
except in the White Bear. The most typical members of the 
Plantigrada are the Bears (UrsidcB\ of which the common 
Brown Bear and the White or Polar Bear are familiar examples. 
The Bears are much less purely carnivorous than the majority 
of the order, and, in accordance with their omnivorous habits, 
the teeth do not exhibit the typical carnivorous characters. The 
incisors and canines have their usual carnivorous form, but the 
•praemolars and molars are furnished with broad tubercular 
crowns. The claws are large, curved, and strong, but are not 
retractile. The tongue is smooth, the ears small and erect, the 
tail short, the nose mobile, and the pupil circular. Most of 
the Bears are only carnivorous in so far that they eat flesh when 
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they can get it ; but a great part of their food consists of roots, 
acorns, honey, and even insects. 

Nearly related to the true Bears are the familiar Racoons 
{Procyon) of America, the Coatis {Nastia) of South America, and 
the Wah {/Elurus) of India, 

The only remaining Plantigrades of importance are the Bad- 
gers {Meles) of Europe, Asia, and America, the Gluttons or 
Wolverines {Gulo) of the same continents, and the Honey- 
badgers {Mellivora) of Africa. 

Forming a kind of transition between the Plantigrada and 
the Digitigrada is a group of Carnivora which comprises 
numerous forms, such as the Weasels, Otters, and Civets, which 
apply part, but not the whole, of the sole of the foot to the 
ground. 

The Weasels (Mustelidci) have short legs, and elongated, 
worm-like bodies, with a stealthy, gliding mode of progression. 
Good examples are the Polecat, the Mink, the Ermine, and 
the Sable. The two latter furnish the beautiful and valuable 
furs known by their names. Here also belongs the Skunk 
{Mephitis), celebrated for its intensely disagreeable odour when 
alarmed or irritated. The Otters are nearly allied to the Weasels, 
but have webbed feet adapted for swimming. The great Sea- 
otter yields a very valuable fur. The Civets and Genettes 
(ViverridcB) all belong to the Old World. The true Civet-cat 
inhabits North Africa, and is furnished with a pouch which 
secretes the peculiar fatty substance which is used as a perfume 
under the name of " civet." 

The typical group of the Carnivora is that of the Digitigrada^ 
comprising the three tribes of the Dogs (Canidci), the Hyaenas 
{JiycBnidcB\ and the Cats (Felidce), The family Canidce com- 
prises the true Dogs, the Wolves, the Foxes, and the Jackals, 
all characterised by their pointed muzzles, smooth tongues, and 
non-retractile claws, and by the fact that the fore-feet have five 
toes,, whilst the hind-feet have only four. In the Hycenida^ 
comprising the Hyaenas, there are only four toes to all the feet, 
the muzzle is rounded, the tongue is rough, and the hind-legs 
are shorter than the fore-legs. The Hyaenas are ill-conditioned, 
ferocious animals, which occur in Africa, Asia Minor, Arabia, 
and Persia. 

The most highly carnivorous, and therefore the most typical, 
group of the Carnivora is that of the Cats or Felidce, compris- 
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ing the Lions, Tigers, Leopards, Panthers. Cats, and others. 
In all these the animal walks lightly upon the tips of the toes, 
and the soles of the feet are hairy. The jaws are short, and 
owing to this and to the great siie of the muscles which move 
the lower jaw, the head assumes a rounded form, with a short 
muzzle. The molars and prasmolars (fig, 218) are fewer in 
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number than in any other of the Camivi^ra— hence the short- 
ness of the jaws; and they are all furnished with cutting edges, 
except the last molar in the upper jaw, which is tuberculate. 
The legs are nearly of equal length, and the hind-feet have 
only four toes, whilst the fore-feet have five toes each. Ail the 
toes are furnished with strong curved retractile ciaws, which, 
when not in use, are withdrawn within sheaths by the action of 
elastic ligaments. The tongue is armed with horny eminences, 
which render it rough and prickly, and adapt it for the office 
of licking flesh from the bones of the prey. They are all 
extremely light upon their feet, and excessively muscular ; and 
all have the habit of seizing their prey by suddenly springing 
upon it. In this section are the Lion {Fe/is leo), the Tiger 
{Felis tigris), the Jaguar {Felts onca), the Puma {Fdis £oncolor), 
the Leopard {Felis leopardus), the Lynxes, and the true Cats. 

The Lions are entirely confined to the Old World, inhabiting 
Southern Asia and Africa. The males are maned, and the tail 
is tufted. The Royal Tiger is exclusively Asiatic, as are most 
of the Tiger-cats, but some of the latter are American. The 
Spotted Cats or Leopards are represented, among others, by 
the Leopard and Cheetah of the Old World and the well- 
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known Jaguar of the American continent The Puma is also 
American, but its colour is uniform. The Lynxes are distin- 
guished by their tufted ears, and are found both in the Eastern 
and Western hemispheres. 



Order XIII. Rodentia. — In this order are a number of 
small animals, characterised by the absence of canine teeth, 
and the possession of two long curved incisor teeth in both 
jaws, which are separated by a wide interval from the molars 
(fig. 219). There are seldom more than two incisors in the 
upper jaw (sometimes four), but there are never more than two 
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Fig. 219. — A, Side-view of the skull of a Rodent {Cynomys). B, Molar teeth of 
the upper jaw of the Beaver (Castor Jiber). (After Giebcl.) 

in the lower jaw. The molar teeth are few in number (rarely 
more than four on each side of each jaw). The feet are usually 
furnished with five toes each. 

The most characteristic point about the Rodents is to be 
found in the structure of the incisor teeth, which are adapted 
for continuous gnawing. They grow from persistent pulps, 
and consequently continue growing as long as the animal lives. 
They are large, long, and curved, and are covered in front with 
a layer of hard enamel, so that the softer parts of the tooth are 
placed behind (fig. 219, A). The result of this is, that as the 
tooth is used in gnawing, the softer parts behind wear away 
more rapidly than the hard enamel in front, and thus the crown 
of the tooth acquires by use a chisel shape, bevelled away be- 
hind, and the enamel forms a persistent cutting edg^e. The 
Rodents are almost all of small size, and are very prolific 
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They subsist principally, if not entirely, on vegetable matters, 
especially the harder parts of plants, such as the bark and 
roots. Many possess the power of building very elaborate 
nests, and most of them hybernate {i.e., remain torpid through- 
out the winter). They are very generally distributed over the 
whole world. 

The order Rodenlia comprises a large number of families, of 
which little more than the names of the principal ones can be 
mentioned. The most important families of Rodents are the 
following: I. Leporida, comprising the Hares and Rabbits. 
The Hares generally occur in temperate regions, but some are 
African, and one species occurs in the Arctic regions, while 
the common American Hare {Lepus Americanns) extends from 
Canada to Mexico. 2. Cavida, comprising the Capybaras, 
Guinea-pigs, &c. The Capybara is the largest of living 
Rodents, and is not unlike a small pig. It is a native of South 
America, and leads an amphibious life. Here also belong the 
Agoutis (ZPiUj/rorfa) of South America and the West Indies, 
and the Pacas of South America. 3. Hystricidce, comprising 
the Porcupines, and characterised by the fact that the body is 
covered with longer or shorter spines or <juills mixed with 
bristly hairs. Most of the Porcupines live in burrows, and are 
much like the Rabbits in their habits, but some are furnished 
with prehensile tails, and live in trees. 4, Castorida ox "^^awc 




family, comprising the Beaver. The Beaver has webbed feet 
and a scaly tail, and the fur is an article of considerable value. 
It inhabits both North America and Europe. The Musquash 
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resembles the Beaver in many respects, and is also a native 
of Northern America ; but the Coypu is South American. 5. 
MuHda, comprising the Mice, Rats, Hamster (fig. 220), Lem- 
mings, &c. The Rats and Mice are too well known to require 
more than merely to be mentioned. 6. Dipodida^ comprising 
the Jerboas of the Old World, and the Jumping Mice of 
America. 7. Myoxida^ comprising the Dormice, which must 
not be confounded with the true Mice on the one hand, or with 
the Shrew-mice on the other hand. 8. Sciurida, comprising 
the Squirrels, Flying Squirrels, and Marmots. The Flying 
Squirrels do not really fly, but, like the "flying" Phalangers, 
they take long leaps from tree to tree by means of laterally- 
extended folds of skin. The Marmots, unlike the typical 
Squirrels, are ground-animals, and live in burrows. An excel- 
lent example is afforded by the Prairie-dog {Cynomys Ludovi- 
cianus) of North America. 

Order XIV. Cheiroptera. — This order is undoubtedly one 
of the most natural and distinctly circumscribed orders in the 
whole class of the Mammalia^ and comprises only the Bats. In 
many respects, however, it might be well to regard the order as 
merely a modified branch of the Inseciivora, just as the Pinni- 
grada are regarded as a modified offshoot of the Camivora. 
The Cheiroptera or Bats are essentially characterised by the 
fact that the fore-limbs are much longer than the hind-limbs, 
and have several of the fingers enormously elongated. These 
enormously - lengthened digits are united by an expanded 
leathery membrane or "patagium," which not only stretches 
between the fingers, but is also extended between the fore and 
hind limbs, and is attached to the sides of the body (fig. 
221). The patagium thus formed often includes the tail, and 
is nearly or quite naked or destitute of hairs on both sides. It 
is used as an organ of true flight, and, in accordance with this, 
there are well - developed collar-bones (clavicles), and the 
breast-bone is furnished with a ridge for the attachment of 
the pectoral muscles. Of the fingers of the hand at least three 
are destitute of nails. The mammary glands are placed upon 
the chest. Teeth of three kinds are always present, and the 
canines are always well developed. 

The Bats are all twilight-loving or nocturnal animals, and 
they are the only Mammals which possess the power of true 
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flight, though several others can make extended leaps from tt 
to tree. The eyes are small, but the ears are i*ry large, a 
their sense of touch is most acute. During the day they ret; 




flight, though they 
means as rapid and 
times very short, 
included 



to caves or crevices in rocks, where they suspend themselves by 
the short thumbs, which are provided with claws. In their . 
with great ease, they are by no 
the true Dirds. The tail is some- 
4 moderately long, and is usually 
I of the patagium, which extends 
between the hind-legs. The body is covered with hair, but 
the patagium is usually nearly or quite hairless. Most of the 
Bats hybemate. 

The Cheiroptera are conveniently divided into the two sec- 
tions of the Insectivorous and Frugivorous Bats. In the first 
section are all our British species, which universally live upon 
insects. In the second, or fruit-eating, section of the Cheirop- 
tera arc only the Fox-bats {Pteropida), which are especially 
characteristic of the Pacific Archipelago, inhabiting Australia, 
Java, Sumatra, Borneo, &c., but occurring, also in Asia and 
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Arrica. Thej- are amongst the largest of the Bats, one Species 
— the PUrepm edulis or Kalong — attaining a length of from 
four to five feet from the tip of one wing to the tip of the other. 

Order XV. Issectivora. — The ne»t order of Mammals 
is that of the Inseciivera, which comprises a number of small 
animals, very similar in many respects to the Rodents, but 
wanting the peculiar incisors of that order, and also being pro- 
vided with clavicles. All the three kinds of teeth are present, 
but the dentition is very various, and the only common charac- 




ter is, that the crowns of the molar teeth (fig. Z23) are furnished 
with small pointed eminences or cusps, adapted for crushing 
insects. All the toes have claws; there are usually five toes to 
each foot, and most of the Insec/ivora are plantigrade — that is 
to say, walk upon the soles of the feet. They are all small, 
and they exist over the whole world, except in Australia and 
South America, where their place is taken by Marsupials, such 
as the Opossums. 

The Insectivora are divided into several families, of which 
the following are the most important. The Moles (Tiii^iife, fig. 
223) are distinguished by having the body covered with hair, the 
feet short and formed for digging, and the toes furnished with 
strong, curved claws. There is no external ear, and the eyes 
are either extremely small, or are completely concealed beneath 
the fur. They are all nocturnal burrowing animals. The 
Star-nosed Moles {Condylura) are American, but their habits 
are like those of the European Mole {Talpa Europaa, fig. 223), 
The Golden Moles {Chtysockloris) are African, and are remark- 
able for the iridescence of their fur. The Shrews {Sorieida) 
are very like the true Mice in external appearance, but they 
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are really widely different. The body is covered with hair, the 
feet are not adapted for digging, and there are mostly external 
ears, while the eyes are well developed. No division of the 




Mole {Talfa Eimfnx). 



Inseclivora is more abundant or more widely distributed than 
the Sericida, and one of the Shrews is probably the smallest 
of existing Mammals, not exceeding two and a half inches in 
length, counting in the tail. 

The so-called "Elephant-shrews" {Macroscelida) of Africa 
form another family. They are distinguished by their im- 
mensely elongated trunk -like nose, and their long Kangaroo- 
like hind-legs. 

Another family lyErinaceida) includes the well-known Hedge- 
hogs, which have the power of rolling themselves into a ball at 
the approach of danger, and which have the upper surface of 
the body covered with short prickly spines, forming a protec- 
tive armour. The common European Hedgehog {Erinaceus 
Europaus) is the type of the family, but Other species occur in 
Africa and India. The" Tenrecs" {Centetes) of Madagascar are 
closely allied to the Hedgehogs, but have no power of rolling 
themselves up. The " Banxrings" {Tupaid)aix)\^ Indian Archi- 
pelago have a long, compressed tail, and live mostly in trees. 

Before passing on to the next order, a few words must be said 
about a curiotis transitional form, which has been alternately 
placed in the Cheiroptera, the Jnsecti-uora, or the Quadrumana, 
or has been regarded as the type of a separate order. The 
animals alluded to are the so-called Flying Lemurs {Galeo- 
pithecus), of which more than one species is known as inhabits 
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ing the Indian Archipelago. The leading characteristic in 
these singular animals is the possession of a flying-membrane, 
which extends as a broad expansion from the nape of the neck 
to the arms, from the arms to the hind-legs, and from the hind- 
legs to the tail. The fingers are not elongated, and do not 
support a " patagium," so that the animal has no power of true 
flight, but can simply take extended leaps from tree to tree. 
The Galeopithecus lives chiefly upon small insects and birds, 
and it should, probably, be regarded as an aberrant form of the 
Insectivora. 

Order XVI. Quadrumana. — The sixteenth order of Mam- 
mals is that of the Quadrumana^ comprising the Apes, Mon- 
keys, Baboons, and Lemurs. The characteristic of this order 
is, that the innermost toe (great toe) of the hind-limbs can be 
opposed to the other toes, so that the hind -feet become pre- 
hensile hands. The term " opposed " simply implies that the 
toe can be so adjusted as regards the extremities of the other 
toes, that any object can be grasped between them, just as the 
thumb of the human hand can be " opposed " to any of the 
fingers. The fore-feet may be destitute of a thumb, but when 
this is present, it too is generally opposable to the other digits, so 
that the animal becomes truly four-handed or *' quadrumanous.** 

The Quadrumana are divided into three very natural sections, 
separated from one another both by their anatomical characters 
and their geographical distribution. 

Section A. Strepsirhina, — Characterised by having the nos- 
trils twisted or curved, and placed at the end of the nose, whilst 
the second toe of the hind-feet is furnished with a claw. The 
Quadrumana of this section are chiefly referable to Madagascar 
as their geographical centre, but they spread from Madagascar 
westwards into Africa, and eastwards to the Indian Archipelago. 
In this family are the Aye-aye (Cheiromys\ the Loris (JVycti- 
cebidcE), and the Lemurs (^Lemuridce), 

The Aye-aye is confined to Madagascar, and is not unlike 
a large squirrel in appearance, having a long bushy tail. The 
incisors grow from permanent pulps, like those of Rodents, and 
there are no canines. The Loris and Slow Lemurs have either 
no tail or a rudimentary one, and they are confined to Southern 
Asia, and the great islands of the Indian Archipelago. The 
true Lemurs are principally natives of Madagascar, and are 
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often spoken of as " Madagascar cats." They have a soft, woolly 
fur, and a long tail, which is prehensile. The second toe of 
the hind-foot has a long and pointed claw. 

Section B. Platyrhina. — This section includes those monkeys 
in which the nostrils are simple, and are placed far apart ; the 
thumbs of the fore-feet are wanting, or, if present, are hardly op- 
posable ; and the tail is generally prehensile. The Platyrhine 
Monkeys are exclusively confined to South America, occurring 
especially in Brazil, and they are all adapted for a more or less 
purely arboreal life. The best-known members of this section 
are the Marmosets {HapalidcB\ and the great family of the Ce- 
bidcB^ comprising the Spider-monkeys, the Howlers, and others. 
The Howlers (Mycetes) are remarkable for having a bony drum 
at the summit of the windpipe, by which the voice is rendered 
extraordinarily resonant, and peculiarly weird and terrifying 
to those who hear it. 

Section C, Catarhina, — In this, the highest section of the 
Quadrumana, the nostrils are oblique and placed close together, 
and the thumbs of all the feet are opposable, so that they are 
truly " quadrumanous." The dental formula agrees with that 
of man : — 

.2 — 2 I — I . 2—2 3 — 3 

I ; c ; pm ; m - — - = 32. 

2—2 I — I ^ 2 — 2 ' 3 — 3 ^ 

The incisor teeth, however, are prominent and projecting, and 
the canines, especially in the males, are large and pointed, whilst 
the teeth form an uneven series. The tail is never prehensile, 
and is sometimes absent. Cheek - pouches are often present. 
In one single instance {Colobus) the thumbs of the fore-limbs 
are wanting. 

With the single exception of a Monkey which occurs on the 
Rock of Gibraltar, all the Catarhine Monkeys are confined to 
Africa and Asia. The most typical forms of the section are the 
Semnopitheci and Macaques of Asia. Less typical are the Ba- 
boons, which inhabit Africa, and are amongst the most repul- 
sive of all the Quadrumana, In these the tail is always short, 
and often quite rudimentary. The head is large, and the muzzle 
greatly prolonged, having the nostrils at its extremity. More 
than any other of the Monkeys they employ the fore-limbs in 
terrestrial progression, running upon all-fours with the greatest 
ease. 

The third family of the Gatarhine Monkeys is that of the An- 

2 A 
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tkropoid Apes, so called from ihrir making a nearer approach 
to man in anatomical structure than is the case with any other 
Mammal. The Anthropoid Apes are distinguished by having 
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no tail nor cheek-pouches. The hind-limbs are short — shorter 
than the fore-limbs — and the animal can progress in an erect 
or semi-erect posture. At the same time the hind-feet are 
strictly prehensile, since the thumbs are opposable to the other 
toes. The canine teeth of the males are very long, strong, and 
pointed, but this is not the case in the females. 

In this tribe are the Gibbons, the Chimpanzee, the Orang- 
outang, and the Gorilla, The Gibbons form the genus Hylobates, 
and they belong to Asia, India, and the Indian Archipelago. 
The anterior limbs in these monkeys are extremely long, and 
the hands nearly or quite touch the ground when the animal 
stands erect. The Orang-outang (Shwia) has no cheek -pouches, 
and the hips are covered with hair. The arms are of excessive 
length, and the hind-legs very short. When young, the head of 
the Orang-outang is not very different from that of a child, but 
as the animal grows, the hones of the face gradually lengthen, 
whilst the skull remains much about the same; great bony 
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ridges are developed for the attachment of the muscles which 
act upon the jaws ; the incisors project ; the canine teeth of the 
males become long and pointed, till ultimately the muzzle be- 
comes as pronounced and well-marked as in the Carnivorous 
animals (fig. 225, A). The only unquestionable species of Orang 
is the Simla satyrus^ which inhabits Sumatra, Borneo, and the 
other larger islands of the Indian Archipelago. The Chimpan- 
zee and Gorilla both belong to Africa, and form the genus 
Troglodytes, The Chimpanzee is a native of Western Africa, 
and has the arms much shorter proportionately than in the 
Gibbons and Orangs. Still they are much longer than the 
hind-limbs, and reach below the knees. The hands are naked 
to the wrist, and the face is also naked and much wrinkled. 
The Gorilla is tn most respects like the Chimpanzee, but is 
much larger, attaining a height of fully five feet. It is a native 
of Lower Guinea and Equatorial Africa, and is enormously 
strong and very ferocious. It is now generally looked upon as 
the highest of the Anthropoid Apes. 

Order XVII. Bimana. — In this order stands Man alone, and 
little, therefore, needs to be said on this head, Man is distin- 
guished zoologically from all other Mammals by his habitually 
erect posture and progression upon two legs. The lower limbs 
are exclusively devoted to progression and to supporting the 
weight of the body. The fore -limbs are shorter than the 
legs, and have nothing to do with progression. The thumb can 
be opposed to the other fingers, and the hands are therefore 
prehensile. The fingers and toes are furnished with nails ; but 
the innermost digit of the foot (the g^eat toe) is not capable of 
being opposed to the other toes, so that the foot is useless as a 
grasping organ. The foot is broad and plantigrade* the whole 
sole being applied to the ground in walking. 

The teeth are thirty-two in number, and they form a nearly 
even and uninterrupted series, without any gap or interval. The 
dental formula is — 

. 2 — 2 I — I . 2 — 2 3 — 3 

/ ; c ; pm ; m - — ^ = 32. 

2 — 2 I— I ^ 2 — 2 3 — 3 '^ 

The brain is more largely developed, and more richly furnished 
with large and deep foldings or convolutions, than is the case in 
any other Mammal. Lastly, Man is the only terrestrial Mam- 
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mal in which the body is not furnished with a general covering 

The purely anatomical distinctions between Man and the 
other Mammals are thus seen to be not very striking, and of 
themselves they would hardly entitle Man to the position of 
more than a distinct order in the class Mammalia, When, 
however, we take into account the vast and un surmountable 
tnental differences, both intellectual and moral, between Man 
and the highest of the brutes, and when we reflect that this 
mental difference must have some physical correspondence, it 
becomes a question whether the group Bimana should not have 
the value of a distinct sub-kingdom, whilst there can be little 
hesitation in giving Man at least a class to himself. 




; B, Skull of a European adulL 



In the words of Dr Pritchard, "the sentiments, feelings, sym- 
pathies, internal consciousness, and mind, and the habitudes of 
mind and action thence resulting, are the real and essential 
characteristics of humanity." 



Tabi;i.ar View otf the Chief Divisions of the Vertebrata. 

Section A. Ichthyopsida : — 

Class I. Pisces (Fishes).— Respiration by gills ; heart usually of 
one auricle and one ventricle; blood cold ; limbs, when present, in tlie 
form of fini. 
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Order l. Pharyngobranchii, — Ex, Lancelet 
Order 2. Marsipobranchii, — Ex, Lampreys and Hag-fishes. 
Order 3. Teleostei, — Ex, Eels, Herrings, Cod, Flat-fishes, Sal- 
mon, and Trout. 
Order 4. Ganoidei. — Ex, Bony Pike, Sturgeons. 
Order 5. Elasmobranchii, — Ex, Sharks and Rays. 
Order 6. Dipnoi, — Ex, Mud-fish. 

Class II. Amphibia — Respiration at first exclusively by gills, after- 
wards by lungs, alone or associated with gills ; skull with two condyles ; 
limbs never converted into fins ; heart of the adult composed of two 
auricles and one ventricle. 

Order I, Labyrinthodontia, — Ex, Labyrinthodon. 

Order 2. Ophiomorpha. — Ex, Caecilia. 

Order 3. Ichthyoniorpha or Urodela, — Ex, Newts. 

Order 4. Theriomorpha or Anoura, — Ex, Frogs and Toads* 

' Section B. Sauropsida : — 

Class III. Reptilia. — Respiration aerial, never by gills ; pulmonary 
and systemic circulations always connected together, either within the 
heart itself or in its immediate neighbourhood ; blood cold ; skull with 
one condyle ; integumentary covering in the form of scales or plates, 
and never in the form of feathers. 

Order I. Chelonia, — Ex, Tortoises and Turtles. 

Order 2. Ophidia. — Ex, Vipers, Boas, Rattlesnakes. 

Order 3. Lacertilia, — Ex, Lizards, Geckos, Monitors. 

Order 4. CrocodUia. — Ex, Crocodiles and Alligators. 

Order 5. Ichihyopterygia, — Ex, Ichthyosaurus. 

Order 6. Sauropterygia, — Ex, Plesiosaurus. 

Order 7. Pterosauria, — Ex, Pterodactyle. 

Order 8. Anomodontia, — Ex, Dicynodon. 

Order 9. Deinosauria, — Ex, Iguanodon. 

Order 10. HieriodonHa, — Ex, Cynodraco. 

Class IV. Aves (Birds). -^Respiration aerial ; lungs connected with 
air-sacs ; heart four- chambered ; blood warm ; integumentary covering 
in the form of feathers ; fore-limbs converted into wings ; animal ovi- 
parous ; skull with one condyle. 

Order i. Cursores {Runners), — Ex, Ostrich, Emeu, Cassowary, 
Apteryx. 

Order 2. Natatores (Swimmers), — Ex. Ducks, Geese, Penguins, 
Gulls, Petrels. 

Order 3. Grallatores (Waders), — Ex, Rails, Cranes, Herons, 
Snipes, Curlews, Plovers. 

Order 4. Rasores (Scratchers). — Ex, Grouse, Pheasants, Pea- 
fowl, Common Fowl, Pigeons. 
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Order 5. Scansores {filimbers), — Ex, Parrots, Cuckoos, Wood- 
peckers. 

Order 6. Insessores (Perckers), — Ex, Crows, Finches, Linnets, 
Larks, Shrikes, Thrushes, Humming-birds, Swal- 
lows, Swifts, Kingfishers. 

Order 7. Raptores [Birds of Prey).— Ex, Owls, Hawks, Buz- 
zards, Eagles, Vultures. 

Order 8. Saurura. — Ex, Archaeopteryx. 

Order 9. Odontolca. — Ex, Hesperornis. 

Order 10. Odontotorma, — Ex, Ichtbyomis. 

Section C. Mammalia:— 

Class V. Mammalia. — Respiration aerial ; lungs not connected with 
air-sacs ; heart four-chambered ; blood warm ; integumentary covering 
in the form of hairs ; the young nourished by milk, secreted by special 
glands — the mammary glands ; skull with two condyles. 

Division A. Non-Placental Mammals. 

Order I. Monotremata. — Ex, Duck-mole, Echidna. 
Order 2. Marsupialia, — Ex, Kangaroos, Opossums, Bandicoots, 
Wombats. 

Division B. Placental Mammals. 

Order 3. Edentata. — Ex. Sloths, Ant-eaters, Armadillos. 

Order 4. Sirenia. — Ex, Manatee, Dugong. 

Order 5. Cetacea. — Ex. Whales, Dolphins. 

Order 6. Ungulata, — Ex. Rhinoceros, Tapirs, Horse, Ass, 
Hippopotamus, Hogs, Camels, Giraffe, Deer, 
Antelopes, Oxen, Sheep, Goats. 

Order 7. Dinocerata, — Ex. Dinoceras. 

Order 8. Tillodontia. — Ex, Tillotherium. 

Order 9. Toxodontia. — Ex. Toxodon. 

Order lo. Hyracoidea. — Ex. Hyrax. 

Order II. Proboscidea — Ex. Elephants. 

Order 12. Carnivora. — Ex, Seals, Walrus, Bears, Weasels, 
Otters, Dogs, Wolves, Foxes, Lions, Tigers, Cats. 

Order 13. Rodentia. — Ex. Hares, Rabbits, Porcupines, Beavers, 
Rats, Mice, Squirrels. 

Order 14. Cheiroptera. — Ex, Bats and Fox-bats. 

Order 15. Insectivora. — Ex. Moles, Shrew-mice, Hedgehogs, 
Flying-lemur. 

Order 16. Quadrumana. — Ex. Lemurs, Spider-monkeys, Ba- 
boons, Gibbons, Orang, Chimpanzee, Gorilla. 

Order 17. Bimana, — Man. 
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Abdomen (Lat. ahdot I conceal). The posterior cavity of the body, con- 
taining the intestines and others of the viscera. In many Invertebrates 
there is no separation of the body-cavity into thorax and abdomen, and 
it is only in the higher Annvlosa that a distinct abdomen can be said to 
exist. 

Aberrant (Lat. . dberro, 1 wander away). Departing from the regular 
type. 

Abnormal (Lat. oft, from ; norrna, a rule). Irregular ; deviating from 
the ordinary standard. 

Abomasum. The fourth cavity of the complex stomach of the Ruminants. 

Abranchiate (Gr. a, without ; bragchia^ gills). Destitute of branchiae 
or gills. 

ACANTHOCEPHALA (Gr. akantha^ a thorn ; kephale^ head). A class of para- 
sitic Worms, in which the head is armed with spines. 

AcARiNA (Gr. akari, a mite). A division of the Arachnida^ comprising 
the Mites and Ticks. 

Accretion (Lat. accresco^ I grow larger). The process by which inorganic 
bodies (such as crystals) grow larger, by the addition of fresh particles 
from the outside. 

Acephalous (Gr. a, without ; kephale^ head). Not possessing a distinct 
head. 

AcTiNOSOMA (Gr. aktiUf a ray ; soma^ body). Employed to designate the 
entire body of any ActinozooUy whether this be simple (as in the Sea- 
anemones), or composed of several zooids (as in most Corals). 

AcTiNOZOA (Gr. aktin, a ray ; zoQn, an animal). That division of the Caden- 
terata of which the Sea-anemones may be taken as the type. 

Adductor (Lat. adducoy I bring together). The muscles which bring to- 
gether the valves of the shell of the Bivalve Molluscs are known as the 
"adductors." 

Aerial (Gr. a^r, air). Living in the air ; enjoying the power of flight. 

Ambulacra (Lat. arnbidacrum, a place for walking). The perforated 
spaces or " avenues" in the shell of the Echinoidea, through which are 
protruded the locomotive tube-feet. 

Ametabolio (Gr. a, without ; nietaJboU^ change). Applied to those insects 
which do not possess wings when fully grown, and which do not, there- 
fore, pass through any well-marked metamorphosis. 

Amceba (Gr. arnoihos, changing). A species of Rhizopod, so called from 
the numerous changes of form which it undergoes. 

Amorphous (Gr. a, without ; morphS, shape). Not having any definite 
figure. 

Amphibia (Gr. amphi, both ; bios, life). A class of the Vertebrata compris- 
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ing Progs, Newts, and the like, which have always gills .when young, 
bat always develop lungs when fully grown. Most of them, therefore, 
live indifferently on land or in water. 

Amphiccelous (Gr. amphi, at both ends ; koilos, hollow). Applied to ver- 
tebrae which are doubly concave, or hollow at both ends. 

Amphidiscs (Gr. amphi, at both ends ; diakos, a quoit or round plate). The 
spicules which surround the reproductive'* gemmules" of SpongiUa, and 
resemble two toothed wheels united by an axle. 

Amphioxus (Gr. amphi, at both ends ; oxtis, sharp). ' The Lancelet, a curi- 
ous little fish, which alone constitutes the order Pharyngcbranchii. 

Amphipoda (Gr. amphi ; and podesy feet). An order of the Crustacea^ 
so called because some of the feet are directed forwards and some back- 
wards. 

Analogous. Applied to parts which perform the same function. 

Anarthropoda (Gr. a, without ; arthroSy a joint ; podes, feet). The divi- 
sion of Anntdose animals in which there are no articulated appendages. 

Annelida (a Gallicised form of Anntdataj Lat. anniduSf a ring). The 
Ringed Worms, which form one of the divisions of the A narthropoda. 

Annuloida (Lat. annulu8y a ring; Gr. eidos, form). The sub-kingdom 
comprising the Echinodermata and the ikole4nda. 

Annulosa (Lat. anntUus, a ring). The sub-kingdom comprising the 
Anarthropoda and the Arthropoda or Articulata, in all of which the body 
is more or less evidently composed of a succession of rings. 

Anomodontia (Gr. anomos, irre^lar ; odouSf tooth). An extinct order of 
Reptiles, called by Huxley Ihcynodontia. 

Anomura (Gr. anomoSf irregular ; oura, tail). A tribe of Decapod Crus- 
taceans, of which the Hermit-crabs are the type. 

Anoplura (Gr. anoploa, unarmed ; cura, tail). An order of Aptero^j^ 
Insects. 

Anoura or Anura (Gr. a, without ; ot<ra, tail). An order of AmpMbia 
comprising the Frogs and Toads, in which the adult is destitute of a 
tail. 

Antenna (Lat. arUennay a yard-arm). The jointed horns or feelers pos- 
sessed by the majority of the Articulaia. 

Antennules (diminutive of antennae). Applied to the smaller pair of 
antennae in the Crustacea. 

Anthropoid (Gr. anthroposy man ; eidoSy form). Applied to those Monkeys 
which make the nearest approach in anatomical structure to Man. 

Aphaniptera (Gr. aphanos, inconspicuous; pteron, a wing). An order 
of Insects comprising the Fleas. 

Aplacental (Gr. a, without ; Lat. placenta^ a cake). Applied to those 
Mammals in which the young is destitute of a placenta {see Placenta). 

Apterous (Gr. a, without ; pteron, a wing). Destitute of wings. 

Aquatic (Lat. aqua, water). Inhabiting water. 

Aquiferous (Lat. aqua, water ; fero, 1 carry). Applied to the water- 
carrying canal-system of the Sponges. 

Arachnida (Gr. arachnSy a spider). A class of Articulataf comprising 
Spiders, Scorpions, and allied animals. 

Araneida (Lat. aranea, a spider). The order of Arachnidtty comprising 
the true Spiders. 

ARCHiBOPTERYX (Gr. archaios, ancient ; pteruXy wing). A fossil bird, 
which alone constitutes the order Saururos. 

Arenaceous. Sandy, or composed of grains of sand. 

Arthropoda (Gr. arthros,tL joint ; podesy feet). The division of Annulosa, 
in which the body is furnished with jointed appendages. 

Articulata (Lat. artiadusy diminutive of artusy a joint). Sometimes 
used in the same sense as the term Arthropoda, 
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Artiodactyla (Gr. artios^ even; daktvloa^ a finger or toe). A division 
of the hoofed quadrupeds {Ungulata) in which each foot has an even 
number of toes (two or four). 

AsciDioiDA (Gr. cLskoSy a bag or a leather bottle ; eidos, form). Some- 
times employed to designate the TuniccUa^ an order of the lower Mel- 
Itifca, from the resemblance of the body in many cases to a two-necked 
jar. 

Asexual. Applied to modes of reproduction in which the sexes are not 
concerned {e.ff., gemmation and fission). 

Asteroidea (Gr. aster^ a star ; and eidoSf form). An order of Echinodef' 
mata, comprising the Star-fishes, characterised by their rayed foi-m. 

Astomatous (Gr. a, without ; stoma, mouth). Not possessing a mouth. 

Atrium (Lat. a hall). Applied to the large chamber or "cloaca," into 
which the intestine opens in the TuniccUa. 

Auricle (Lat. auricula y a little ear). Applied to the cavity of the heart 
which drives the blood into the ventricle. 

Ates (Lat. avis, a bird). The class of the Birds. 

Balancers. The knobbed filaments which represent the posterior pair of 
wings in Dipterous Insects ; also called "poisers." 

BALANIDJ3 (Gr. halanos, an acorn). A family of Cirripedia, commonly 
spoken of as "Acorn-shells." 

Baleen (Lat. baletna, a whale). The ho'ruy plates which are placed in the 
upper surface of the mouth of the true or " whalebone " Whales. 

Batrachia (Gr. batrac?i08, a frog). Generally applied loosely to any of the 
Amphibia, but sometimes used to designate eitner the entire class of the 
Amphibians, or the single order of the Arumra, 

Bifid. Cleft into two pu*ts ; forked. 

Bimana (Lat. bis, twice ; manus, a hand). The order of Mammalia consti- 
tuted by Man alone. 

Bivalve (Lat. bis, twice ; vaZvas, folding-doors). Composed of two plates 
or valves ; applied to the shell of the Lamellibranchiata and Brachio- 
poda, and to the carapace of certain Cntstacea. 

Blastoidea (Gr. hUutos, a bud ; eidos, form). An extinct order of Echir 
nodermata, often called Pentremites. 

Brachiopoda (Gr. brachion, the arm ; podes, feet). A class of the lower 
Mollusca, often called " Lamp-shells," characterised by having two 
fleshy ciliated ** arms " attached to the sides of the mouth. 

Brachyura (Gr. brachus, short ; oura, tail). A tribe of Decapod Crusta- 
ceans with short tails ; commonly known as Crabs. 

Bract. Overlapping appendages or plates which protect the polypites in 
many of the Oceanic Uydrozoa. 

Branchia (Gr. bragchia, the gill of a fish). A respiratory organ adapted 
for breathing air dissolved in water. 

Branchiate. Possessing gills. 

Bronchi (Gr. brogchos, the windpipe). The branches of the windpipe 
(trochlea), by which the air is conveyed to the lungs. 

Bruta (Lat. brutus, heavy, stupid). Sometimes used to designate the 
Mammalian order of the Edentata. 

Buccal (Lat. bucca,, mouih. or cheeks). Connected with the mouth or 
cheeks. 

Btssus (Gr. bussos, flax). The silky threads by which many bivalve Mol- 
luscs (such as the Mussels) attach themselves to foreign objects. 

Caducibranchiate (Lat. caducus, falling off"; Gr. bronchia, gills). Ap- 
plied to those Amphibians in which the gills fall off before maturity is 
reached (e.g., Newts and Frogs). 
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CiBCAL (Lat. ececuSf blind). Terminating blindly, or in a closed extremity; 

Csouts. (Lat. caxus). A tube which endis in a blind extremity. 

Calcareous (Lat. calc, lime). Composed of carbonate of lime. 

Calioe. The little cup in which the polype of a coral-producing Zoophyte 
{Actinozo&n) is contained. 

Calycophorid^ (Gr. kaluXy a cup; pherOf I cany). An order of the 
Oceanic Hydrozoa, so called from their possessing bell-shaped swim- 
ming-organs. 

Calyx (Lat. a cup). Applied to the cup-shaped body of the Bell-animal- 
cule ( VorticeUa)y or of the Crinoidea. 

Cakpanularida (Lat. campanula, a bell). A group of Sertularian 
Zoophytes. 

Can EN E (Lat. canis, a dog). The eye-tooth in the jaw of Mammals ; so 
called because it is particularly well developed in Dogs and other 
carnivorous animals. 

Carapace. A protective shield. Applied to the upper shell of Lobsters, 
Crabs, and many other Crustaceans ; and to the upper half of the bony 
case ill which the Tortoises and Turtles are enclosed. 

Carinat^ (Lat. carina, a keel). A sub-class of birds in which the breast- 
bone is keeled. 

Carnivora (Lat. caro, flesh ; voro, I devour). An order of the Mammalia, 

Carnivorous. Living upon animal food. 

Carpus (Gr. karpos, the wrist). The small bones which intervene between 
the fore-arm and hand. 

Catarhina (Gr. kata, downwards ; rhines, nostrils). A group of the 
Monkeys {Qyudrum/ina), 

Caudal (Lat. cauda, the tail). Connected with the tail, or hinder end 
of tlie body. 

Cavicornia (Lat. cavus, hollow; cottim, a horn). The "hollow-homed" 
Ruminants, in which the horn consists of a central bony " horn-core " 
surrounded by a sheath of horn. 

Centrum (Gr. kentron, the point round which a circle is described by a pair 
of compasses). The central portion or "body" of a vertebra. 

Cephalic (Gr. kephale, head). Connected with the head. 

Cephalopoda (Gr. kephale^ head ; podes^ feet). A class of the MoUtbsca^ 
comprising the Cuttle-fishes and their allies, in which there is a series 
of arms ranged round the head. 

Cephalothorax (Gr. kephale^ head ; thorax^ chest). The anterior division 
of the body in many Crustaxxa and Arachnida, composed of the amal- 
gamated segments of the head and thorax. 

Cerebral. Connected with the brain, or in a restricted sense with the 
"cerebrum." 

Cerebrum. Sometimes employed in a general way to designate the entire 
brain ; but properly restricted to the "hemispheres " of the brain, which 
are believed to be concerned mainly with the discharge of the mental 
functions. 

Cervical (Lat. cervix, the neck). Belonging to the neck. 

Cetacea (Gr. Ic^tos, a whale). An order of the Mammalia, 

CHiETOGNATHA (Gr. chaitc, a bristle ; gnathos, the jaw). A class of the 
Anarthropoda. 

Cheiroptera (Gr. clteir^ hand ; pteron, wing). An order of Mammalia. 

Chel^ (Gr. chele, a claw). The prehensile claws with which certain of the 
limbs are terminated in many of the Crustacea (such as Lobsters, Crabs, &c.) 

Chelonia (Gr. chelone, a tortoise). An order of Reptiles. 

Chitine (Gr. chiton, a coat). A peculiar chemical principle allied to horn, 
which is found in the outer covering of many of the Invertebrata, espe- 
cially in Arth/ropoda (Insects, Scorpions, Crustaceans, &c.) 
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Chlorophyll (Gr. chloros, green ; phullon, leaf). The green colouring 

matter of leaves. 
Chrtsaxis (Gr. chrusoty gold). The motionless pupa of Butterflies and 

Moths, so called because often exhibiting a golden lustre. 
Chyle (Gr. dtulos, juice). The milky fluid which is the result of the action 

of the various digestive fluids upon the food. 
Chylific (Gr. chiUos, juice; Lat./aao, I make). Applied to one of the 

stomachs, when more than one is present. 
Chyme (Gr. chumos, juice). The acid pasty liquid produced by the action 

of the gastric juice upon the food. 
Cilia (Liat. cilium^ an eyelash). Microscopic, hair-like filaments, which 

have the power of lashing backwards and forwards, thus creating cur- 
rents in the surrounding fluid, or subserving locomotion in the animal 

which possesses them. 
CiRRHi (Lat. cirrus, a curl). Tendril-like appendages, such as the feet 

of Barnacles, and Acorn-shells {Cirripedia), the lateral processes on the 

arms of Brachiopods, &c. 
Cirripedia (Lat. cirrus^ a curl ; pes, a foot). A division of the Crus- 
tacea with curled jointed feet. 
Cladocera (Gr. Idados^ a branch ; keras, a horn). An order of Crustacea 

with branched antennae. 
Clavicle (Lat. clamdUa, a little key). The collar-bone of the pectoral 

or scapular arch. 
Cloaca (Lat. a sink). The common cavity into which open the intestinal 

canal and the ducts of the generative and urinary organs in many Li- 

vertebrates and some Vertebrates. 
Cnid^ (Gr. kriide, a nettle). The urticating cells (" thread-cells") whereby 

many of the Coelenterata obtain their power of stinging. 
Cocoon (Fr. cocon^ the cocoon of the silk- worm). The outer covering of 

silky hairs with which the pupa or chrysalis of many insects is protected. 
C(ELENTERata (Gr. koilos, hollow ; enterony the bowel). The sub-kingdom 

which includes- the Uydrozoa and Actinozoaf the most typical members 

of Cuvier's division of the Madiaia. 
Coenosaro (Gr. koinoSy common; sarx, flesh). The common organised 

medium or stem by which the separate Zooids of a compound Mydro- 

zo&n or Actinozo&n are united together. 
Coleoptera (Gr. koleos, a sheath ; pteron, a wing). The order of Insects 

(Beetles) in which the anterior wings are hardened, and form protective 

sheaths for the posterior membranous wings. 
Columbacei (Lat. cohimbaj a dove). The subdivision of the Rasorial 

Birds containing the Doves and Pigeons. 
Condyle (Gr. kondidosj a knuckle). The surface by which one bone is 

jointed or articulated to another. Applied especially to the articular 

surfaces by which the head is jointed to the vertebral column. 
Conirostres (Lat. coniis, a cone ; rostrum^ a beak). The division of Perch- 
ing Birds with conical beaks. 
Copepoda (Gr. kope, an oar ; podesy feet). An order of Crustacea. 
CoRACOiD (Gr. korax, a crow; eidosy form). One of the bones which 

form the scapular arch in Birds, Reptiles, and Monotremata. In the 

majority of Mammalia it is a mere process of the scapula, and in Man 

its shape is something like that of the beak of a crow ; hence its name. 
CoRALLiTE. The entire coral of a simple ActinozodUy or the portion of a 

compound coral which belongs to, and is secreted by, a single polype. 
CoRALLUM (Lat. for red coral). The hard structures deposited in or by 

tJie tissues of any Actinozo&n — commonly called a "coral." 
Corpus callosum (Lat. the " firm body "). The great band of nervous 

matter which unites the two hemispheres of the brain in the Mammalia. 
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CORPUSCULATED (Lat. corpiisculum, a little body or particle). Applied 

to fluids which, like the blood, contain floating solid particles or ** cor- 
puscles." 
Cortical later (Lat. cortex ^ bark). The layer of consistent sarcode 

which encloses tne central ** abdominal cavity '* in the In/uaaria and is 

covered by the cuticle. 
CoRYNiDA (Gr. koruTie, a club). An order of Hydroid Zoophytes. 
Costal (Lat costa, a rib). Connected with the ribs. 
Cranium (Gr. kranion, the skull). The bony or cartilaginous case in 

which the brain is contained. 
Craspeda (Gr. krcupedon, a margin or fringe). The long, convolnted 

cords, containing thread-cells, which are attached to the free mai^gins 

of the mesenteries in a Sea-anemone. 
Crepuscular (Lat. crepuscuLunif dusk). Applied to animals which are 

active in the dusk or twilight. 
Crinoidea (Gr. krinosy a lily ; eidos, form). An order of Echinodermata 

comprising forms which are usually stalked, and sometimes resemble 

lilies in shape. 
Crocodilia (Gr. krokodeUos^ a crocodile). An order of Reptiles. 
Crop. A partial dilatation of the gullet, technically called "ineluvies." 

Sometimes it has the form of a membranous bag appendea to the 

gullet. 
Crustacea (Lat. cruata^ a crust). A class of articulate animals, compris- 
ing Crabs, Lobsters, &c., characterised by. having a hard shell or crust, 

which they cast periodically. 
Ctenoid (Gr. kteis, a comb; eidosy form). Applied to those scales of 

iishes, tlie hinder margins of which are fringed with spines or cut into 

comb-like projections. 
Ctenophora (Gr. kteiSy a comb ; pheroy T carry). An order oi ActiTiozoa, 

comprising oceanic creatures, which swim by means of " ctenophores/' 

or bands of cilia arranged in comb-like plates. 
CuRSORES (Lat. currOf I run). An order of Birds, comprising birds in 

which there is no power of flight, but the body is formed for running 

vigorously. 
Cuticle (Lat. cutictUa, diminutive of ctitis^ skin). The transparent pellicle 

which forms the outer layer of the body in Infusoria. The outermost 

layer of the integument generally. 
Cycloid (Gr. kuHoSy a circle; eidos, form). Applied to those scales of 

fishes which have a regularly circular or elliptical outline. 
Cystic (Gr. kustisy a bladder). Applied to the embryonic forms of the 

Tape-worms which were originally described as a distinct order of Para-> 

sitic Worms under the name of Cystica, or '* Bladder- worms. " 
Cystoidea (Gr. kusiisy a bladder ; eidos, form). An extinct order of EchU 

nodennata. 

Decapoda (Gr. deka, ten ; podes^ feetj. The division of Crustajcea with ten 
legs adapted for walking {e.g., Craos and Lobsters). Also, the family 
of Cuttle-fishes {Cephalopoda) in which the mouth is surrounded by ten 
processes or '* arms." 

Deciduous (Lat. decidOy I fall off). Applied to parts which fall oflf or are 
shed during the life of the animal. 

Deinocerata or Dinocerata (Gr. deinos, terrible ; keixu, horn). An 
extinct order of Tertiary Mammals. 

Deinosauria or Dinosauria (Gr. deinos, terrible ; saiira, lizard). An 
extinct order of Reptiles. 

Dental (Lat. dens, a tooth). Connected with the teeth. 

Dentirostres (Lat. dens, a tooth ; rostrum, beak). The division of the 
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Perching Birds in which the upper mandible of the bill has its lower 
margin toothed. 

Diaphragm (6r. dia'phragma, a partition). The " midriff," or the muscle 
which in Mammalia sepai'ates the cavity of the chest from that of the 
abdomen. 

DiBRANCHiATA (Gr. cf w, twice ; hragchiay gills). The order of Cephalopoda 
(comprising the Cuttle-fishes, &c.) in which only two gills are present. 

DiCTNODONTiA (Gr. dis, twice ; kuon^ dog ; odmis, tooth). An extinct 
order of Reptiles, called by Owen Anomodotitia. 

Digit (Lat. dtgiUis, a finger). A finger or toe. 

DiGiTiGRADA (Lat. digitus, a finger; gradioTf I walk). The division of 
Camivora in which the animal walks upon the tips of the toes. 

Dipnoi (Gr. dis, twice ; pnoS, breath). The order of fishes represented 
by the Lepidosiren. 

DiPTERA (Gr. dis, twice ; pteron, a wing). An order of Insects character- 
ised by the possession of two wings only. 

D18COPHORA (Gr. diskos, a quoit or round plate ; phero, I carry). The 
Medusce, or Jelly-fishes, so called from their form. Also, the order of 
the Leeches {Hirudinea), from the suctorial discs which they possess. 

Distal. Applied to the quickly - ^wing end of the hydrosoma of a 
ffj/drozo&n ; also to the end of a hmb, or of any portion of a limb, fur- 
thest removed from the trunk. 

Diurnal (Lat. diumtcs, daily, by day). Applied to animals which are 
active during the day. 

Do^AL (Lat. dorsum, the back). Connected with the region of the back. 

EcHiNODERMATA (Gr. echinos, a hedgehog ; derma, skin). A class of 

animals comprising the Sea-urchins, Star-fishes, and others, most of 

which have spiny skins. 
EcHiNOiDEA (Gr. echinos, a hedgehog ; eidos, form). An order of EchinO' 

dermata, comprising the Sea-urchins. 
EcTOCYST (Gr. ektos, outside ; kustis, a bladder). The external investment 

of the polypide of a PolyzoHn. 
Ectoderm (Gr. ektos, outside ; derma, skin). The external integumentary 

layer of the Coslenterata. 
Edentata (Lat. e, without ; dens, tooth). An order of Mammalia, in 

which some or all of the teeth are wanting. Often called Bruta. 
ELASMOBRANCHn (Gr. elasma, a strap ; bragchia, gill). An order of fishes, 

including the Sharks and Rays. 
Elytra (Gr. elutron, a sheath). The hard chitinous anterior pair of wings 

in the Beetles, which form protective cases beneath which the posterior 

membranous wings can be folded. 
Endocyst (Gr. endon^ within ; kustis, a bag). The inner membrane of 

the polypide of a PolyzoSn. 
Endoderm (Gr. endon, within; derma, skin). The inner integumentary 

layer of the Coelenterata. 
Endoskeleton (Gr. endon, within ; skeletos, dry). The internal hard 

structures, such as bones, which serve for the attachment of muscles, or 

the protection of oi^ans, and which are not merely produced by a har- 
dening of the integument. 
Entomostraca (Gr. entoma, insects ; ostrakon, shell). Literally, "Shelled 

Insects ;" applied to a division of the Crustacea. 
Entozoa (Gr. entos, within ; zoSn, animal). Animals which live parasiti- 

cally in the interior of other animals. 
Equilateral (Lat. cequusy equal; latus, side). Having its sides equal. 

Usually applied to tne shells of the Brachiopoda, 
Equiyalye (Lat. cequus, equal ; valvce, folding-doors). Applied to shells 
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which, like those of most of the LamellibrancJiiata, are composed of two 

equal pieces or valves. 
Ebrantia (Lat. errOf I wander). An order of Annelida, comprising forms 

which are capable of active locomotion. 
EuRYPTERiDA (Gr. eurus, broad ; ptenm, wing). A group of extinct 

Crustaceu. 
ExosKELETON (Gr. 6X0, outsidc ; skdetos, dry). Under this term are 

comprised all structures which are produced by a hardening of the 

integument. 

* 

Femur. The thigh-bone, intervening between the pelvis and the bones of 

the leg proper (tibia and/&ttZa). 
Fibula (Lat. a brooch). The outermost of the two bones of the leg in 

the higher VerUbrata. 
Fission (Lat. jlndo, I cleave). Multiplication by means of a process of 

self- division. 
FissmosTRES (Lat. Jlssus, cleft; rostrum, beajt). A sub -order of the 

Perching Birds, in which the beak can be opened to a great ^^'idth. 
Flagellum (Lat. a whip). The whip-like appendages of certain Infusoria; 

thence called "Flagellate." 
Foot. The muscular organ developed on the under surface of the body 

in the higher MoUusca, and subserving locomotion. 
FooT-JAWS. The limbs of Crustacea, which are so modified as to subserve 

mastication. 
Foot - tubercles. The unjointed lateral appendages of the Anndida, 

which subserve locomotion, but are not articulated to the body. 
Foraminifera (Lat. foramen^ an aperture ; fero, I carry). An order of 

Protozoa, usually characterised by having a shell perforated by numer- 
ous holes or " foramina," through which the pseudopodia are emitted. 
Fruqivorous (Lat. frux, fruit ; voro, I devour). Living upon fruits. 
Funnel. The stomach-sac of the Ctenophora ; the muscular tube of the 

Cuttle-fishes by which the water filling the mantle-cavity is ejected. 
Furculum (Lat. diminutive oi furca, a fork). The V-shaped bone or 

"merry-thought" of birds, formed by the united clavicles. 

Gallinacei (Lat. gallhia, a fowl). Often applied to the entire order of 

the Rasorial Birds, but properly restricted to that section of the Hasores 

of which the common fowl is a typical example. 
Ganglion (Gr. gag^lion^ a knot). A mass of nervous matter containing 

nerve-cells, and giving origin to nerve-fibres. 
Ganoid (Gr. ganos, splendour; eidon, form). Applied to those scales of 

fishes which are composed of bone, with an outer layer of polished 

enamel. 
Ganoidei. An order of fishes, now mostly extinct. 
Gasteropoda (Gr. gaster, belly ; podes, feet). The class of the MoUusca 

comprising the ordinary univalves, in which locomotion is usually 

effected by creeping about on a flattened "foot." 
Gemmation (Lat. gemma, a bud). The production of fresh structures by a 

process of budding. 
Gbphyrea (Gr. gephura, a bridge). A class of the Anarthropoda, 
Gizzard. A muscular division of the stomach in Insects, Birds, &c. 
GoNOPHORB (Gr. goTios, offspring ; phero^ I bear). The generative buds, 

or receptacles of the reproductive elements, in the Hydrozoa, whether 

these become detached or not. 
Gonosome (Gr. gonos, offspring ; soma, body). Applied collectively to the 

assemblage of the reproductive buds of any HyarozoSn. 
Grallatores (Lat. gralUe, stilts). The order of the Wading Birds. 
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Granivorous (Lat. granum, a grain or seed; two, I devour). Living 

upon grains or other seeds. 
Graptolitid^ (Gr. g^'apho^ I write ; lithos, stone). An extinct sub-class 

of the Hydrozoa. 
Greqarinida (Lat. grtgarius, occurring in numbers together). A class of 

the Protozoa. 
Gullet. The tube which leads from the throat to the stomach. 

H.SMAL (Gr. haima^ blood). Connected with the blood-vessels, or with 
the circulatory system. 

Hallux (Lat. o/Zex, the thumb or great toe). The innermost of the 
five di^ts which normally compose the hind -toot of a Vertebrate 
animal. The great toe of man. 

Hectocottlus (Gr. hekaton^ a hundred ; kotulos, a cup). One of the 
"arms" of the" male Cuttle-fishes, metamorphosed for reproductive 
purposes. 

Heliozoa (Gr. kelios, sun; 206>i, animal). An order of Protozoa, with 
radiating pseudopodia. 

Hemelytra (Gr. heniiy half ; elutron, a sheath). The win^ of certain In- 
sects (Hemiptera)^ in which the inner portion of the wmg is hardened 
by chitine, and resembles the elytron of a beetle. 

Hemimetabolic (Gr. fierni, half; metaboUy change). Applied to those In- 
sects which undergo an incomplete metamorphosis. 

Hemiptera (Gr. hem,% half; pteroii, wing). An order of Insects so called 
because the anterior wings are sometimes in the fonn of " hemelytra." 

Hermaphrodite (Gr. HermeSy Mercury ; Aphrodite, Venus). Possessing 
the organs of both sexes combined. 

Heterocercal (Gr. h^teros, diverse ; kerkoa, tail). Applied to the tail 
of fishes when it is unequally lobed. 

Heterogeneous (Gr. heteros, diverse; genos, kind). Unlike or dissimilar 
in kind. 

Heteromorphic (Gr. heteros, diverse ; morphi, shape). Differing in form 
or shape. 

Heteropoda (Gr. heteros, diverse ; pedes, feet). An order of Gasteropo- 
dous Molluscs. 

Hilum (Lat. a little thing). A small aperture or depression. 

Hirudinea (Lat. hirudo, a horse-leech). The order of Annelida compris- 
ing the Leeches. 

Holocephali (Gr. holos, whole ; kepfiale, head). A sub-order of the jElas- 
mohranchii. 

Holometabolic (Gr. holos, whole ; meiaholi, change). Applied to those 
insects which undergo a complete metamorphosis. 

HOLOTHUROIDEA (Gr. holothourion). The order of Echinodermata, com- 
prising the Sea-cucumbers. 

HoMOCERCAL (Gr. homos, same ; kerJcos, tail). Applied to the tail of fishes 
when the two lobes are equal. 

Homogeneous (Gr. homos, same ; genos, kind). Of like kind or nature. 

Homologous (Gr. homos, same ; logos, a discourse). Applied to parts 
which are constructed upon the same fundamental plan. 

Homomorphous (Gr. homos, same ; morphS, form). Having a similar 
external appearance or form. 

Humerus. The bone of the upper arm in Vertebrata, 

Hydatid (Gr. hudatis, a vesicle). The bladder-worm of one of the tape- 
worms of the dog. 

Htdra (Gr. hvdra, a water-serpent). The generic name of the fresh- 
water polypes. 

Htdroida (Gr. hvdra ; and eidos, form). The sub-class of the Hydrotsoa, 
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contaiDing the animals most nearly allied to the Hydra, Often spoken 

of as the HydroiH Zoophytes. 
Htdborhiza (Gr. hudra; and rhizaf root). The adherent base or proxi- 
mal extremity of any Hydrozodn. 
Hydrosoma (Gr. huara; and somxiy body). The entire organism of any 

HydrozoHn. 
Htdrotheca (Gr. hudra; theke^ a case). The little chitinous cups in 

which the polypites of the Sertularida and Campantdarida are protected. 
Hydrozoa (Gr. hudra; zodUy animal). The class of the Coelenterata Yrhich 

comprises animals constructed after the type of the Hydra. 
Hymenoptera (Gr. humen, a membrane ; pteron, a wing). An order of 

Insects (comprising Bees, Ants, &c.), with four membranous wings. 
Hyoid (Gr. U; eidoSy form). A bone which supports the tongue, and 

which derives its name from its resemblance in man to the letter U. 
Hybacoidea (Gr. hurax, a shrew ; eidos, form). An order of Mammalia. 

ICHTHYOMORPHA (Gr. ichthitSj a fish ; m,orpM, shape). An order of ^ mpA-i- 

bia, comprising the fish -like Newts, &c. 
ICHTHYOPHTHIRA (Gr. tchth^iSy & fish ; phtheiry a louse). An order of 

Crustacea. 
ICHTHYOPSIDA (Gr. ichthtis^ fish ; opsis, appearance). The primary divi- 
sion of the Vertebrata, which includes the two classes of the Amphibia 

and Pisces. 
ICHTHYOPTERYQIA (Gr. icktJiuSy a fish ; pteruxy a wing). An extinct order 

of Reptiles. 
ICHTHYOSAURIA (Gr. ichthus, a fish ; satiray a lizard). An extinct order 

of Reptiles. 
Imago (Lat. an image or apparition). The perfect insect, after it has 

passed through all its metiunorphoses. 
Incisor (Lat. incidoy I cut). The cutting teeth fixed in the front of the 

upper jaw, and the corresponding teeth in the lower jaw of the Mam- 

malia. 
Inequilateral. Having the two sides unequal, as is the case with the 

shell of the ordinary bivalves (Lamellibranchiata). 
iNEQurvALVE. Composed of two unequal pieces or valves ; as is the case 

with the shells of tne Brachiopoda. 
Infusoria (Lat. infusum, an infusion). A class of Protozoay so called 

from their frequent occurrence in organic infusions. 
Insecta (Lat. inseco, I cut into). The class of Articulate animals com- 
monly known as Insects. 
Insectivora (Lat. insectumy an insect; voro, I devour). An order of 

Mammalia. 
Insectivorous. Living upon Insects. 
Interambulacra (Lat. inters between ; amhulacrum, a place to walk in). 

The rows of plates in an Echinus which are not perforated for the emis- 
sion of the tube-feet. 
Intussusception (Lat. intvsy within ; suscipiOy I take up). The act of 

taking foreign matter into a living being. 
Invertebrata (Lat. m, without ; vertebray a bone of the back). Animals 

without a spinal column or backbone. 
ISOPODA (Gr. isosy equal ; podes, feet). An order of Crustacea in which 

the feet are equal and like one another. 

Labium (Lat. for lip). Restricted to the lower lip of Articulate animals." 
L A brum (Lat. for lip). Restricted to the upper lip in Articulate animals. 
Labyrinthodontia (Gr. lahurinthos, a labyrintn ; odouSy a tooth). An 
extinct order of Amphibia, 
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Lacertilia (Lat. lacerta, a lizard). An order of Reptilia^ comprising the 

Lizards and Slow- worms. 
Ljbmodipoda (Gr. laimos^ throat ; dis, twice ; podeSy feet). An order of 

Crustacea^ with two legs under the throat. 
Lambllibranchiata (Lat. lamellaf a plate ; Gr. bragchiaf gills). The class 

of MoUusca, comprising the ordinary bivalves with leaf-like gills. 
Larva (Lat. a mask). The insect in its first stage after its emergence 

from the egg, when it is usually very different from the adiilt. 
Lepidoptera (Gr. hpis^ a scale ; pteron, a wing). The order of Insects, 

comprising the Butterflies and Moths, characterised by having four 

wings usually covered by minute scales. 
Lingual (Lat. lingua, tongue). Connected with the tongue. 
Ldcernarida (Lat. lucema, a lamp). An order of the Uydrozoa, 
Lumbar (Lat. lumbus, a loin). Connected with the loins. 

Macrura (Gr. makroSf long ; oura, tail). A tribe of Decapod Crustaceans 

with long tails (e.g., the Lobster, Shrimp, &c.) 
Madreporiporm. Perforated by small holes, like a coral (or madrepore) ; 

applied to the spongy tubercle by which the water-vascular system of 

Ecbinoderms mostly communicates with the exterior. 
Malacodermata (Gr. nuilakos, soft ; derma, skin). Applied to a group of 

the Actinozoa, comprising the soft-skinned Sea-anemones. 
Mallophaqa (Gr. tnallos, a fleece ; phago, I eat). An order of Insects, 

comprising the Bird-lice. 
Mammalia (Lat. mamma, the breast). The class of Vertebrate animals 

which suckle their young. 
Mandible (Lat. mandvtndum, a jaw). The upper pair of jaws in Insects ; 

one of the pairs of jaws in CriMtacea and Spiders ; the beak of Cephalo- 
poda; the lower jaw of Vertebrate animals. 
Mantle. The external integument of most of the Mollusca, which is 

largely developed, and forms a cloak for the internal organs. Techni- 
cally called the " pallium." 
Manubrium (Lat. a handle). The central polypite which is suspended 

from the roof of the swimming-bell of a Medusa or medusiform gono- 

phore amongst the Hydrozoa. 
Marsipobranchh (Gr. marsipos, a pouch ; bragchia, gills). An order of 

Fishes comprising the Hag-fishes and Lampreys, with pouch-like gills. 
Marsupialia (Lat. marsupium, a pouch). An order of Mammals, in 

which the females are usually furnished with an abdominal X)Ouch in 

which the young are carried. 
Masticatory (Lat. mastico, I chew). Adapted for chewing. 
Medusa. A group of Hydrozoa, commonly known as Jelly-fishes, so 

called because of the resemblance of their tentacles to the snaky hair of 

the Medusa. 
Medusiform. Resembling a Medusa in shape. 
Medusoid. Like a Medusa. Used as a noun to designate the medusiform 

generative buds (gonophores) of the Hydrozoa, 
Membrana nictitans (Lat. nkto, I wink). The third eyelid present in 

Birds, &c. 
Merostomata (Gr. miron, thigh ; stoma, mouth). " An order of Crustacea. 
Mesenteries (Gr. m^sos, intermediate ; enteron, intestine). The mem- 
brane by which the intestine is attached to the walls of the abdomen. 

In a restricted sense, the vertical plates which divide the somatic cavity 

of a Sea-anemone into chambers. 
Metacarpus (Gr. meta, after ; karroos, the wrist). The bones which form 

the *'root of the hand^" and intervene between the wrist and the 

fingers. 

2 B 
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Metamorphosis (6t. meta, denoting change ; morphe^ form). The changes 

of form which certain animals undergo in passing from their younger to 

their fully-grown condition. 
Metatarsus (Gr. metay after ; tarsus, the instep). The bones which in- 
tervene between the instep {tarsus) and the digits in the hind -foot of 

the higher Vertebrates. 
Molars (Lat. moUif a mill). The "grinders" in man; or the teeth in 

Mammals which are not preceded by milk-teeth. 
Mollusca (Lat. moUiSf soft). The sub-kingdom which includes the true 

Shell-fish, the Polyzoa, the Sea-squirts, and the Lamp-shells. 
MOLLUSCOIDA {Molluscay and Gr. eiaos, form). The lower division of the 

Mollusca, comprising the Folyzoa, Sea -squirts {Tunicata); and the 

Lamp-shells (Brachiopoda), 
Monera (Gr. moneres, sinp^le). An order of Protozoa, comprising animals 

composed of simple undifferentiated sarcode. 
Monothalamous (Gr. monoSf single; thcdamot, a chamber). Consisting 

of only a single chamber. Applied to the shells of Foraminifera and 

Mollu^a. 
Monotremata (Gr. rrumos, single; trenuif an aperture). The order of 

Mammals comprising the Duck-mole and the Spiny Ant-eater, in which 

the intestinal canal opens into a ** cloaca" common to the ducts of the 

urinary and generative organs. 
MoRPHOLOQY (Gr. morphe, form ; logos , discourse). The science of the 

external fomi and internal structure of the various parts and organs of 

different animals. 
Multivalve (Lat. multus, many ; vaXvaiy folding-doors). Applied to shells 

which are composed of more than two pieces or valves. 
Myriapoda (Gr. murioSy ten thousand ; podes, feet). A class of Articulate 

animals, comprising the Centipedes and their allies, characterised by the 

possession of numerous feet. 

Natatores (Lat. nare, to swim). The order of the Swimming Birds. 

Natatory. Adapted for swimming. 

Nautiloid. Shaped like the shell of the NatUilus. 

Necto-calycks (Gr. necfw, I swim ; kalux, a cup). The swimming-bells of 
the Oceanic Hydrozoa. 

Nematoda or Nematoidea (Gr. nema, a thread ; eidos, form). The divi- 
sion of the Scoledda, comprising the Thread- worms and Round-worms. 

Nervures (Lat. nervuSy a sinew). The ribs which support the membran- 
ous wings of insects. 

Neural (Gr. neuroriy a nerve). Connected with the nervous system. 

Neuroptera (Gr. neuron, a nerve ; pteron, a wing). An order of Insects 
in which the wings are membranous and have numerous interlacing 
nervures. 

Nocturnal (Lat. nox, night). Applied to animals which are active at 
night. 

Normal (Lat. norTna, a rule). Conforming to the ordinary standard. 

NoTOceoRD (Gr. notos, the back ; chordi, a string). A cellular rod which 
is developed in the embrj'O of Vertebrates immediately beneath the 
spinal cord, and which is usually replaced in the adult by the vertebral 
column. 

Nucleolus. The minute solid particle found in the interior of the nucleus 
of some cells. Also the minute body attached to the exterior of the 
** nucleus," of certain of the Irtfusoria. 

Nucleus (Lat. a kernel). The solid or vesicular body found in the inte- 
rior of many cells ; also the solid rod, or band-shaped body found in the 
interior' of man y of the Protozoa, 
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NuDiBRANCHiATA (Lat. uudttSf naked; Gr. bragchia, gills). An order ofHhe 
Gasteropoda in which the gills are naked. 

Oceanic. Applied to animals which inhabit the open ocean. 

OcTOPODA (Gr. octOy eight ; podeSy feet). The tribe of Cuttle-fishes with 
eight arms round the head. 

Odontophorb (Gr. odousy a tooth ; pheroy I carry). The so - called 
"tongue" or masticatory apparatus of the Gasteropoday Pteropoday and 
C^haU^oda. 

Odontornithes (Gr. odovsy tooth ; omiSy bird). The extinct subclass of 
Birds comprising forms with distinct teeth in sockets. 

(Esophagus. The gullet, or the tube by which the food is conveyed from 
the mouth to the stomach. 

OLiGOCHiETA (Gr. oligoSy few; ehmtCy bristles). An order of the Anneliday 
comprising the Earth-worms. 

Omasum (Lat. bullock's tripe). The third stomach of Ruminants, com- 
monly called the '* psaltenum." 

Omnivorous (Lat. omnia, everything; voro, I devour). Feeding indis- 
criminately upon all kinds of food. 

Operculum (Lat. a lid). The she^y or homy plate by which the shell of 
a Univalve MoUnsc is closed when the animal has retired within it ; 
also the chain of flat bones which covers the gills in many fishes. 

Ophidia (Gr. ophiSy a serpent). The order of reptiles comprising the 
Snakes. 

Ophiomorpha (Gr. ophis, a serpent; morphe, shape). The order of Am- 
phibia comprising the CcecUioe. 

Ophiuroidea (Gr. ophisy a serpent ; owra, tail ; eidosy form). An order of 
Echinodermata comprising tne Brittle-stars and Sand-stars. 

Opi8THOC(elous (Gr. opistheuy behind; koiloSy hollowj. Applied to ver- 
tebrae, the bodies of which are hollow or concave benind, and convex in 
front. 

Oral (Lat. osy the mouth). Connected with the mouth. 

Orthoptera (Gr. orthosy straight ; pteron, a wing). An order of Insects. 

OscuLA (Lat. diminutive of 0*, mouth). The large apertures (" exhalant 
apertures ") by which a sponge is perforated. 

OsTRACODA (Gr. ostrakotiy a shell ; eidosy form). An order of small Crus- 
taceans which are enclosed in bivalve, shells. 

Oviparous (Lat. ovumy an egg ; pario, I bring forth). Applied to animals 
which bring forth eggs, in contradistinction to those which bring forth 
their young alive. 

Ovipositor (Lat. ovumy an egg ; pono, I place). The organ possessed by 
some insects, by means of which the eggs are placed in a position suit- 
able for their development. 

Ovisac The external bag or sac in which certain of the Invertebrata 
carry their eggs after they are extruded from the body. 

Ovo- viviparous (Lat. ovum, an egg; vivus, alive; parioy I bring forth). 
Applied to animals which retain their eggs within the body until they 
are hatched. 

Ovum (Lat. an egg). The germ produced within the ovary, and capable 
under certain conditions of being developed into a new individual. 

Pachtdermata (Gr. pachtiSy thick ; derma, skin). An old Mammalian 
order constituted by Cuvier for the reception of the Elephant, Rhino- 
ceros, Hippopotamus, &c. 

Pallial. Connected with the mantle or " pallium." 

Pallium (Lat. a cloak). The " mantle " of the Molluaca. 

Palpi (Lat. palpo, I touch). Processes supposed to be organs of touch, 
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developed from certain of the organs of the month in varions Articulate 

animals, and from the sides of the mouth in the Bivalve Molluscs. 
Papilla (Lat. for nipple). A minute soft prominence. 
Parapodia (Gr. para^ beside ; podes, feet). The lateral locomotive pro- 
cesses or " foot-tubercles" of many of the Annelida. 
Parietal (Lat. pariesy a wall). Connected with the walls of a cavity or of 

the body. 
Parikto- SPLANCHNIC (Lat. paries, a wall; Gr. splaffchnon, an internal 

organ). Applied to one of the nervous ganglia of the MoUusca, which 

supplies the walls of the body and the viscera. 
Pataoium (Lat. the border of a dress). Applied to the expansion of the 

integument by which Bats, Flying Squirrels, and other animals suppoi-t 

themselves in the air. 
Pectoral (Lat. pectus^ the breast). Connected with the chest. 
Pedal (Lat. pes, the foot). Connected with the foot ; generally used in 

connection with the Mollttsca, 
Pedicellart.c (Lat. pedicellus, a louse). Curious appendages found in 

many Echinoaemis^ attached to the surface of the body, and resembling 

a little pair of pincers supported on a stalk. 
Pbdipalpi (Lat. pesy foot ; palpo, I feel). An order of Ara^ihnida com- 
prising the Scorpions, &c. 
Pedunculated (Lat. pedunculus, a stem). Supported upon a stem or 

stalk. 
Pelvis (Lat. basin). The bony arch with which the lower or posterior 

pair of limbs is connected in many Verteiyrata. 
Perennibranchiata (Lat. perennisy perpetual ; Gr. broffchiay gills). A|>- 

plied to those A mpKihia which retain their gills throughout life. 
Perissodacttla (Gr. perusos, uneven ; daktulos, finger). Applied to 

those Hoofed Mammals (Ungulata) which have an uneven number of 

toes. 
Perivisceral (Gr. peri, around ; Lat. viscera, the internal organs). Ap- 
plied to the space surrounding the viscera in most animals. 
PHAiiANGES (Gr. phalanx, a row). The small bones composing the digits of 

the higher Vertebrates. Normally each digit has three phalanges. 
Pharyngobranchii (Gr. pharugx, the pharynx; bragchia, gills). The 

order of Fishes comprising only the Lancelet. 
Pharynx. The upper part of the gullet. 

Phyllopoda (Gr. pntUum, leaf; podes^ feet). An order of Crustacea. 
Physophoridjb (Gr. pkusa, bellows or air-bladder ; phero, I carry). An 

order of Oceanic Hydrozoa. 
Pinna (Lat. pinna, a feather). Lateral processes, applied especially to 

the processes of the arms of Crinoids, or of the tentacles of Alcyonaria. 
PiNNiQRADA (Lat. «i»«a ; and gradwr, I walk). The family of Camivora, 

comprising the Seals and Walruses, adapted for an aquatic life. 
Pisces (Lat. pisds, a fish). The class of the Vertebrata comprising the 

fishes. 
Placenta (Lat. a cake). The *' after -birth," or the organ by which a 

vascular connection is established in the higher Vertebrata between the 

mother and the young animal previous to its birth. 
Placental. Possessing a placenta, or connected with the placenta. 
Placoid (Gr. plax, a plate ; eidos, form). Applied to the irregular bony 

plates, grains, or spines which are found in the skin of various fishes. 
Plaoiostomi (Gr. ptagios, transverse; stomas mouth). The Sharks and 

Rays, in which the mouth is transverse, and is placed on the under sur- 
face of the head. 
Planarida (Gr. plani, wandering). A group of the Scolecida. 
Plantigrada (Lat. j^nta, the sole of the foot ; gradior, I walk). The 
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group of the Carnivora ia which the sole of the foot is applied to the 

ground. 
Plantigrade. Walking upon the soles of the feet. 
Plastron (Gr. emplastron, a plaster). The ventral shield of the case of 

the Tortoises and Turtles {(Jkelonia). 
Platyrhina (Gr. platus, broad ; rhines, nostrils). A group of the Quad- 

rumana. 
Plesiosauria (Gr. plesios, near ; saura, a lizard). An extinct order of 

Reptiles. 
Pluteus (Lat. a shed). The larval form of the Sea-urchins {Echinus). 
Pneumatic (Gr. pneumay air). Filled with air. 
Pneumatophore (Gr. pneiana, air ; pherOj I carry). The air-bladder of 

the PhysophoriddR. 
Podosomata (Gr. pous, foot ; soma, body). An order of Aracknida. 
P018ERS. See Balancers. 
Pollex (Lat. the thumb). The innermost of the normal five digits of the 

fore-foot of the higher Vertebrata. The thumb of man. 
Polycystina (Gr. poliLS, many ; kustis, a bladder). An order of Protozoa^ 
Polygamous (Gr. polus, many ; gamos, marriage). Applied to cases in 

which one male consorts with several females. 
PoLYQASTRiCA (Gr. poluSf many ; gaster, stomach). The name applied by 

Ehrenberg to the Infusoria, under the belief that they possessed many 

stomachs. 
Polyp ARY. The hard chitinous covering secreted by many of the Hydrozoa. 
Polype (Gr. polus, many ; pous, foot). Kestrioted in modem usage to the 

single individual of a simple ActinozoSnf or to the separate zodids of a 

compound ActinozoSn. 
PoLYPiDE. The separate zooid of a Polyzodn. 
PoLYPiDOM. Synonymous with polypary, but often applied to the Poly' 

zoa, as well as to the Hydrozoa. 
POLYPiTE. The separate zotiid of a ffydrozoGn. 
POLYTHALAMOUS (Gr. polus, many; thalamos, chamber). Many-cham* 

bered. Applied to the shells of Fora/miwifera and Cephalopoda. 
PoLYZOA (Gr. polus, many ; zoSn, animal). The Sea-mosses and Sea-mats, 

forming the lowest cl^ss of the MoUusca. 
PRiEMOLARS (Lat. pTos, before ; mof^ares, grinders). The molar teeth which 

succeed the molars of the milk-set of teeth. 
Prjb-cesophageal. Situated in front of the gullet. 

Proboscidea (Lat. proboscis, the snout). The order of Mammals compris- 
ing the Elephante. 
Proc(ELOU8 (Gr. pro, front; koilos, hollow). Applied to vertebrae, the 

bodies of which are hollow or concave in front, 
Protophyta (Gr. protos, first; phyton, plant). The lowest division of 

plants. 
Protoplasm (Gr. protos, first ; plasso, I mould). The elementary basis of 

organised tissues. Sometimes used as identical with the ^'saroode" of 

the Protozoa. 
Protozoa (Gr. protos, first ; zodn, animal). The lowest division of the 

animal kingdom. 
Proximal (L^t. proximus, next). The slowly - growing, oomparativejy- 

fixed extremity of a Umb or of an organism. 
PsALTERiUM (Lat. a stringed instrument). The third^ stomach of the 

Ruminants. 
PsEUDO-HiBMAL (Gr. pssudos, false ; haima, blood). The vascular system of 

the Annelida. 
PsKUDO- HEARTS. ContractUo cavities connected with the reproductive 

system of the Brachiqpoda, 
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PsEUDOFODiA {QT,p8eudo8y falsity ; podet, feet). The temporary extensions 
of the body-suDstance which are pat forth by the Jtkizopoda at will, 
and which serve both for locomotion and for prehension. 

Ptkbofoda (Or. pteron, a wing ; podes, feet). A class of MoUusca swim- 
ming by means of fins attached to the sides of the head. 

Ptkrosaubia (Gr. pteron, a wing ; satura, a lizard). An extinct order of 
reptiles. 

PuLMONABY (Lat. pulvw, a lung). Connected with the lungs. 

FULMONATE. PoSSCSSiug luUgS. 

Pupa (Lat. a doll). The state of metamorphosis of an insect immediately 
preceding its appearance in a perfect condition. In this state the insect 
IS very often motionless, and is often called a ** chrysalis." 

Ptlorus (Gr. pvloros, a gatekeex)er). The valvular aperture between the 
stomach and the commencement of the intestine. 

QuADRUMANA (Lat. qwUuoT, four ; manua, hand). The order of Mammalia 

comprising the Monkeys, Baboons, Lemurs, &c. 
QuADBUMANous. Four-hauded. 

Radiata (Lat. radius, a ray). Formerly applied to a large number of 

animals which are now placed in separate sub-kingdoms (e.g., the CoUen- 

terata, EchinodermcUa, Infusoria, kc.) 
Radiolabia (Lat. raditis, a ray). An order of Rhizopoda. 
Radius. The innermost of the two bones of the fore-arm of the higher 

Vertebrates. It carries the thumb, or pollex, and corresponds with the 

tibia of the hind-limb. 
Raftores (Lat. rapto, I plunder). The order of the Birds of Prey. 
Raptorial. Applied to animals which live by preying upon other animals. 
Rasobes (Lat. rado, I scrape or scratch). The order of the Scratching 

Birds (Fowls, Pigeons, &c.) ' 

RATiTiB (Lat. rates, a raft). Applied by Huxley to the Cursorial Birds, 

which do not fly, and have tnerefore a raft-lue sternum without any 

median keel. 
Reptilia (Lat. repto, I crawl). The class of the Vertehrata comprising 

the Tortoises, Serpents, Lizards, Crocodiles, &c. 
Reticulum (Lat. a net). The second stomach of the Ruminants. 
Rhizopoda (Gr. rhiza, a root ; podes, feet). The division of Protozoa com- 
prising all those which are capable of emitting pseudopodia. 
RoDENTiA (Lat. rodo, I gnaw). An order .of the Mammalia, Often called 

Glires (Lat. glis, a dormouse). 
ROTIPERA (Lat. rota, a wheel ; fero, I carry). A class of the Scolecida, 

comprising the so-called •' Wheel-animalcules." 
RuGOSA (Lat. rugosus, wrinkled). An extinct order of Corals. 
Rumen (Lat. the throat). The first stomach or " paunch" of Ruminants. 
RuMiNANTiA (Lat. ruminor, I chew the cud). A group of the Hoofed 

Mammalia. 

Sacbum. The vertebras which unite with the haunch-bones to form the 

pelvis. 
Sabcode (Gr. sarx, flesh ; eidos, form). The jelly-like substance of which 

the bodies of the Protozoa are composed. 
Sabcoids. The separate amceba-like particles which collectively make up 

the " flesh " of a Sponge. 
Saubopsida (Gr. taura, lizard ; opsis, appearance). The name given by 

Huxley to the two classes of the Reptiles and Birds collectively. 
Sauboptebtgia (Gr. taura, a lizard ; pterux, a wing). An ex&nct order 

of Reptiles. 
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Saururjb (Gr. sawtOy a lizard ; oum, tail). The order of Birds comprising 

only the extinct Archjoeopt^x. 
SCANSORES (Lat. smndOf I climb). The order of the Climbing Birds (Par- 
rots, Woodpeckers, &c.) 
Scapula- The shoulder-blade of Vertdnuta, 
SoLEROBASic (Gr. skier OS y hard ; basis, pedestal). The form of coral which 

constitutes a central axis surrounded by the soft parts of the animal 

{e.g.y Red Coral). 
Sclerodermic. Applied to those corals which are secreted within the 

body of the polypes which produce them. 
ScoLECiDA (Gr. skolex, worm). A division of the Annuloida. 
Scuta (Lat. scutum, a shield). Applied to the shield-like integumentar}*^ 

plates developed in many Keptiles. 
Septa. Partitions. 

Serpentiform. Resembling a serpent in shape. 
Sertularida (Lat. sertum, a wreath). An order of the Hydrozoa. 
Sessile (Lat. sedo, I sit). Not supported upon a stalk, but attached by a 

base. 
Siliceous (Lat. silex, flint). Composed of flint. 
Siphon (Gr. a tube). Applied to the respiratory tubes of many of t^e 

Mollusca ; also to other tubes of different functions. 
SiPHONOPHORA (Gr. siphon, a tube ; phero, I carry). A sub-class of the 

Hydrozoa. 
Sirenia (Gr. seiren, a mermaid). An order of MoTnmalia comprising the 

Dugongs and Manatees. 
SOLiDUNGULA (Lat. tolidus, solid ; ungvJa, a hoof). The group of Hoofed 

Mammals comprising the Horse, Ass, and Zebra. 
Somatic (Or. soma, body). Connected with the body. 
Somite (Gr. soma). A single segment in the body of an Articulate animal. 
Spicula (Lat. spiculum, a point). Pointed needle-shaped bodies. 
Spinnerets. The organs by means of which Spiders and Caterpillars 

spin threads. 
Spongida (Gr. spoggos, a sponge). The division of the Protozoa commonly 

known as sponges. 
Sternum (Gr. sterrKm). The breast-bone. 

Stomapoda jGr. stoma, mouth ; podes, feet). An order of Crustacea. 
Stomatode (Gr. stom^b, mouth). Possessing a mouth. The Infusoria are 

thus often called the Stomatode Protozoa. 
Strepsiptera (Gr. strepho, I twist ; pteron, a wing). An order of Insects 

in which the anterior wings are represented by twisted rudiments. 
'Strepsirhina (Gr. strepho, I twist ; rhines, nostrils). A group of the 

Quadmmana, 
Suctorial. Adapted for suction or for imbibing fluids. 
Supra-cesophaoeal. Placed above the gullet or oesophagus. 

Tabula (Lat. tabula, a tablet). Horizontal plates or floors which are 
found in many Corals. 

Tactile (Lat. tanpo, I touch). Connected with the sense of touch. 

Tjbniada (Gr. tamia, a ribbon). The order of Scolecida comprising the 
Tape-worms. 

Tarso-metatarsus. The single bone produced in Birds by the union and 
anchylosis of the lower part of the tarsus with the metatarsus. 

Tarsus (Gr. tarsos, the flat of the foot). The small bones which form the 
ankle (or " instep " of man), corresponding with the (carpus) of the ante- 
rior limb. 

Teleostei (Gr. teleios, perfect ; osteon, bone). An order of Fishes often 
spoken of as the Bony Fishes. 



392 GLOSSARY. 

Telson (6r. a limit). The last joint in the abdomen of the Crudaeea. 

Tenuibostres (Lat. tenuU, slender; rostruvny beak). A gronp of the 
Perching Birds characterised by their slender beaks. 

Tebrestrial (Lat. terra^ ^^'tll}* ^^^^S upon dry land. 

Test (Lat. teka, a shell). The shell of MoUusca, which are for this 
reason sometimes called Testacea. Also, the calcareous shell of Sea- 
nrchins. Also, the thick leathery outer tunic of the Sea- squirts, 
Tunicdta. 

Tetrabrai?chiata (Gr. ietra, four ; hrtigchia, gills). The order of Ceph- 
alopoda characterised by the possession of four gills. 

Thalassicolltoa (Gr. ihalassa^ sea ; holla, glue). A division of Protozoa, 

Theriodontia (Gr. ther, beast ; odous, tooth). An order of extinct Rep- 
tiles, with teeth of a Mammalian tjrpe. 

Theriomorpha (Gr. ther, beast ; morphe, shape). Employed by Owen to 
designate the ** tail-less Amphibians,** such as Frogs and Toads. 

Thorax (Gr. a breastplate). The chest. 

Thtsanura (Gi». thusanoi, fringes ; oura, tail). An order of Insects. 

Tibia. The shin-bone, corresponding to the radius of the fore-limb, and 
being the innermost of the two bones of the leg. 

Trachea (Gr. tracheia, the rough windpipe). The tube which conveys air 
to the lungs in the air-breathing Vertebrates. In Insects, Myriapods, 
and Spiders, the air-tubes which ramify through the body. 

Trematoda (Gr. trema, a pore or hole). An order of Scolecida. 

Trilobita (Gr. treis, three ; lohos, a lobe). An extinct order of Crustacea, 

TuBicoLA (Lat. tvJba, a tube ; colo^ I inhabit). An order of Annelida. 

TUBULARiDA (Lat. tuba, a tube). Often used instead of Corynida to 
designate an order of the Hydrozoa, 

TUNICATA (Lat. tunica, a cloak). The Sea-squirts, a class of the MoUuS' 
eoida. 

Ulna (Gr. cleni, the elbow). The outermost of the two bones of the fore- 
arm, corresponding ¥rith ihejibvla of the hind-limb. 

Umbo (Lat. the boss of a shield). ITie beak of a bivalve shell. 

Umbrella. The contractile disc of one of the Lucemarida. 

Unqulata (Lat. ungtda, a hoof). The order of Mammalia comprising the 
Hoofed Quadrupeds. 

Univalve (Lat. untis, one; valval, folding-doors). Applied to shells 
composed of a single piece or valve. 

Urodela (Gr. oura, tail ; delos, visible). The oi-der of the "tailed'* Am- 
phibians. 

^'ACU0LE8 (Lat. vacuus, empty). The little cavities formed in the interior 

of many of the Protozoa by the presence of particles of food, surrounded 

by a little water. 
Ventral (Lat. venter, the stomach). Relating to the inferior surface of 

the body. 
Ventricle (Lat. ventricvlus, diminutive of venter, belly). One of the 

cavities of the heart. 
Vermes (Lat. vermis, a worm). Sometimes used at the present day in the 

same, or nearly the same, sense as Scolecida, or as Scolecida plus the 

Anarikropoda. 
ViSRMiFORM. Worm-like in shape. 
Vertebra (Lat. verto, I turn). One of the bones composing the spinal 

column or backbone. 
Vertebrata. The sub-kingdom comprising animals almost all of which 

have a more or less well-developed vertebral column. 
Vesicle (Lat. vesica, a bladder). A little sac, bladder, or cyst. 
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\ 
\ Viscera (Lat. viscus). The internal organs of the body. 

Viviparous (Lat. vivttSy alive; and pariOy I bring forth). Applied to 
animals which bring forth their young alive. 

XiPHOSURA (Gr. xiphos, a sword ; oura, tail). An order of Crustacea^ com- 
prising the King-crabs. 

ZooiD (Gr. zodn, animal ; eidoSy form). The more or less completely in- 
dependent organisms produced from a primitive being by gemmation 
or tission, whether these remain attached to one another or are detached 
and set free. 

Zoophyte (Gr. zo&rif animal ; phutony plant). Loosely applied to many 
plant-like animals, such as Sponges, Corals, Sea-anemones, Sea-firs, Sea- 
mats, kc. 
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Ahnmekiatn^ 141. 

Aeantkneepkalm, 137; geneni ehane- 

ten of, 13S. 
Acanikf/wtetra, 43, 44. 

Aeantiuitteri, 960L 

^esrifto, 103. 

^eorvir, 194. 

Aeephala (MolhiKaX S14. 

^£A«tute, 182. 

Aeineta, 57. 

Aeorn-cbells. 150. 

AcHdndat, 183. 

^ettnia, 97, 08. 

Aetinida^ 98. 

Aetinozoa, 01 ; genend duuactera o^ 96 ; 

ordera of, 98. 
A4iotaot, 817. 

AgoQti, 3«3. 

Air-recepUtcles of Birds, 306. 

vl2ee«, 353. 

A Icidee, 315. 

Alcyonaria, 98; general characters of, 

104. 
.^^eyonmrn, 104. 
Alligator. 291, 292. 
Alpaca, 851. 
Amblygtomat 209. 
Ambnlacnl system ot Echinus^ 115. 
Ameiva, 289. 

Anietabolic Insects, 176, 179. 
Ammonites, 232. 
Amoeba, 32, 33, 34, 35. 
Anuxbea, 81, 32. 
Amphibia, 243; general characters of, 

200, et aeq. 
Amphidiscs, 50. 
Amphioxiu, 254, 255. 
Amphipoda, 150. 
Anacanthini, 200. 
Anaconda, 287. 
Analogy, 15. 
Anarthropoda, 189. 
AnoUinas, 815. 
Angelina, 156. 



^■^vOMlclU. I3S. 

Aniaals sad Rants* diffe 
3. «f srf. 

A m m e ii dm , 19: leeaenl ^ankcicxs oC 
140; tyineal»!«me«t<4a.; diTimms 
of, 141. 

Amumlaidm^ IS. IS : cbanKten asd diri- 
sions (tf. 112 : tabalar tkw ol 19T. 

JliMiiJoM, 15. 10: general ebaracten of, 
13S ; tabalar Tiew of, 193. 

AmowtodontitL, 206w 

Anio/mmra^ ISL 
- AnoplwrtL. 170. 
' J notini, 267, ITS, et uq. 
. AtuentUB, 315. 

I Ant-eaters, 331, 335. 341, S42, 343. 
■ .\ntelope8, 353. 
! Antenne, 140, 171. 

Anthropoid Apes, 370. 

Antilocapra^ 353. 

Ant-lion, 184. 

Ants, 19^ 
! A(»e8, 368, 369. 

Aphaniptsra, 185. 

Aphides, 181, 182. 

Aphis-lion, 184. 

Aphrodite, 145. 

Apid4B, 189. 

Aplacental Mammals, 336. 

Aptera, 179. 

ApUryx, 309, 310, 311, 312. 

Aquiferous Systeih (Sponges), 48. 

Araehnaetie, 98, 99. 

Araehnida, 147; general characters, 
161 ; orders o^ 163. 

Araneida, 165. 

Archceopteryx, 310, 326. 

Ardea, 317. 

Ardeidce, 316. 

Arenieola, 145. 

^r^onauta, 222, 225, 226, 227, 228. 

Armadillos, 335, 341, 342. 

Arms of Braehiopoda, 208 ; of Cephalo- 
poda, 222, 223, 225, 227, 230. 

ArUnUaf 157. 



' Artknaioda, 13» : gBneral iili«r»ct«r« ol 
Artiodaclvla, 317. MV. 



Avei, MS; geneiil ohiractera of, 2*9; 
featlun of, ib. ; yerUibttl udnmn of, 
2W; buk of, SCO: peclonl unb of, 
a.; bind-limb of, 309; toot of, S03; 
dlgtstlve ifalsm ot, 304 ; napintury 
■jilein of, 30A : clrcaUtory nyBtctn of. 



Aiolotl, 2S». 
ije-tjt, MS. 

Bibrrouswi, Mft 

AifivnitfiE, 345- 
Batanida, 1&9. 



i'EdT' 



Ub, 2!>, 230. 
nS7 ; geoenl duncton of, S: 



s, 201, 203. 



BtaddtT-irormi (tet Cntlo Womu). 
BlaiMiUa, 12S, l!i. 



Boot Fika, Ml. 
Baok4coipioii, 11 






Brathyvra, IM. 

BncU (of ocsuli: Hydmoa), SI. 

Bvadypodida, 342. 

BnDchisI hurU (Ciittle-Bihu), 124. 

Bnci^iaL uc (Tumitata,), W6; (Idnee- 



Branchifera (OoiKnniaila), 110. 
Brittle Btu9, 120. 




iofMliaroneAiata), 2H 

a(.imBjMMOX268. 
(of BifliX BOO. 



COmttopardatida, 35^. 
Canrponv^rufrt, 60, 7fl ; Ib«dDfllfonia 

gonophores of, 7(1. 
CbiuIb, of SpnngBS, 4S; of .Jlcvonarfo, 

101: ot Ctmophom, 110. 
ConidK. 300. 
CaMliarU, 102. 
Copnolua, 303. 
CaprimalBi4a, 324. 
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Cenoloae, in Ascidins, 44. 

CemU^et, 347, 

Ceotipedea. 168, 149. 

CepkaUupUf 243. 

Cepkaiopcda, \^^ 219; geBfenl chane- 

tera «yf, 333; e( Jie^,; Tespizstorj organs 

of, 334 ; shell <k^ 33d ; reprodnfCtion 

of, >». 
Cephalotborax, 14S, 149, 10L 
CenuU*, 387. 
Ceratodui, 357, 2$5. 
Cnroee^iuv. 370. 
CerthidfK, 334. 
CervidoR, 352, 353L 
CermUf 353. 
Cettrapkori, 384. 
CMfum. 110. 
Ceto^eo, 335, 336 ; general chazmetera of, 

344, et «M. 
CluBtoffnatha, 139. 
ChamoeUo, 290. 
Chamois, 353. 
CharadrUdiB, 317. 
Cheetah, 36L 
Cheiromys, 368 
Cheiroptera, 337 ; general charscteis of, 

364, et «e7. 
Cheirotherium, 274. 
Chelffi, 151, 161. 
Chelifer, 165. 
CheUme, 281. 
Chelonia, 276, 279; general characters 

of, 280, ct «c^. 
Chelydra, 282. 
Chevrotains, 352. 
Chilognatha. 20. 
Chilopoda, 20. 
Chimcera, 264. 
Chimpanzee, 371. 
Chlamyphorus, 342. 
Chlorophyll in animals, 4. 
Chrysaora, 91. 
Chrygochluris, 866. 
Cicada, 181. 
CieonincBt 317. 
CidarU, 116. 

Ciliata (Itifintoria), 63, 56. 
Cirripeain^ 158, 159. 
Cistudo, 282. 
Civet, 860. 
Cladoeera, 155. 
Cla/tnatoreSt 320. 
Classiflcation, 6, ef se^. 
Cleodara, 221. 
Climbers (Birds), 320. 
Clionay 51. 

Cloflca, of Rotifera, 136 ; of Insects, 
174; of Amphibia, 266; of Reptiles, 
277 ; of Birds, 3u6 ; of ifonotrentata, 
838. 
ClupeidcB, 260. 
Cnidie, 60. 
Coati, 86<>. 
Cobr«, 287. 



15L 

' Coekatoos» 3:2k. 
Coekrkafer, 193. 
CoebrMchn. 18S. 

COCOOA, 17& 
Cod. 349. 

CmUmUrmtm^ 17 : g««enl ^ancters of, 
58, ef «e9 ; tkread-eeUs oC, 69 ; diri- 
sioBsof, 41. 
' Comosare, 64. 
» CoUcpierm, 191. 193. 
I C4Mtw»bola^ 179. 
i Collo«i»*irra. 4a. 
' CvloHic, S«*9. 
Coluber, 384. 
Co/«m6a«ei, 318, 339. 
Como/icia, 131, 123. 
: CTiufylwra, 344. 
! CoiMrostrM, 333. 
Cuntrmctfle vehicle, of Amoeba, 34 ; of 

/fli/ksorid, 55. 
Coot, 314. 
Copepoda^ 155. 
Coral, 98. 
Corallite, 100. 
CoraOium, 107, 10& 
Corallnm, 98, 100. 
Coral-reefs, 1"3. et teq. 
Cordylophora, 71. 
Cormorant, 315. 

Cortical layer, of Tf^futoria. 53. 
CorvidcB, 334 
Corynida, 64 ; general characters of, 49; 

reprodaction of, 71. 
Coryomorpha, 71. 
Cotumix, 319. 
Coypa, 364- 
Crab, 153. 
Craeidce, 319. 
Crane, 316. 
Crane-fly, 186. 
Craspeda, 99. 
CraylSsh, 149. 
Creepers (Birds), 324. 
Crex, 316. 
Cribella, 119. 
CricetuSf 363. 
Cricket. 182. 
Crinoidea, 113; general characters of, 

121, et fteq. 
Cristatella, 203. 

Croeodilia, 276, 277, 279; general charac- 
ters of, 291, et seq. 
Crop, of Insects, 174 ; of Birds, 304. 
Cross-bill, 824. 
CrotalidoB, 287. 
Crotalus, 287. 
Crow, 324. 
Crustacea, 147; general characters of, 

148, et neq. 
Ctenoid Scales of Fishes, 245. 
Ctenophora, 98 ; general characters of, 

109, et seq. 
Ctenophores, 109. 
Cuckoo, 321. 
Cueulidas, 321. 
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Culex, 186. 

Curassow, 319. 

Curlew, 316. 

Cursores, 310. 

Cuticle of Infthsoria^ 53. 

CuUIe-tlBhes, 198, 222, 223, 225, 227. 

Cuviena, 221. 

Cycmea, 91. 

Cycloid Scales of Pishes, 245. 

Cyclolabrida, 260. 

Cyclop8y 158. 

CydippCf 109. 

CygnidcB, 315. 

Cynomys, 364. 

CyprinidaSt 260. 

Cypria, 158 

Cypselidce, 324. 

Cystic Worms, 1.30, 131. 

Cystoidea, 123, 124. 

Daphnia, 158. 
Darters (Birds), 315. 
Dagypodidce, 342. 
Dagyprocta, 363. 
Dtmyurus. 841. 
Dead -men's Fingers. 104. 
Decapoda (Crustacea^ 140; {Cephalo- 
poda), 229. 
Deer, 352. 
Z>«tno8auria, 296. 
DelphinidcB, 346. 
Delphinus, 345. 
Dental formula, 332. 
Dentiroatres, 324 
Dibranchiata, 227. 
Dicotyles, 349. 
Dicynodon, 296. 
Didelphidce, 341. 
DidelphySy 341. 
DiMugia, 35. 
D0ieVa(to, 858, 360. 
Dinoceras, 354. 
2>tnoeera£a, 354. 
Dipnoi, 254 ; general characters of, 264, 

DipodidoBy 8641 
Diptera, 186. 

Diacophora (MedusceX 84 ; general char- 
acters of, 84 ; (Leeches), 14 L 
Diacorbina, 88, 40. 
Distal, 65. 
Distoma, 181. 
Divers (Birds), 315. 
Dodo, 320. 
Dog, 360. 
DoR-flsh, 264. 
Dolphin, 344, 845, 346. 
Dom, 218. 
Dormice, 364. 

Dorsal vessel of Insects, 175. 
Dorylaimtu, 134. 
Doves, 320. 
Dracoy 290. 
Dragon-flies, 184. 
Dromaitu, 812. 
Dromedary, 851. -^ 



Duck, 815. 
Duck-mole, 338, 839. 
DugODg, 344. 

Eagle, 326. 

Earth-worms, 141, 142. 

Echidna, 339. 

^^cAtTuxfermoto, 112; general character? 

of, 113, et seq. 
Echinoidea, 113 ; general characters of, 

114, et seq. ; aquiferous system of, 

115 ; development of, 117. 
Echinorhynchus, 133. 
Ectocyst, 202. 
Ectoderm, 60. 
Edentata, 336; general characters of, 

341, et seq. 
Eels, 260. 
Elapa, 287. 
ElcCtmobranchii, 254 ; general characters 

of, 262; sub-orders of, 264. 
Elephant, 855, 356. 
Elk, 353. 
Elytra, 192. 
Emeu, 312. 
Emydidce, 282. 
Emys, 281. 
Endocyst, 203. 
Endoderm, 60. 
Entozoa, 127. 
Eozoon, 42. 
Ephen*eridas, 184. 
EpistylU, bl. 
JEquida^ 847. 
Equua, 348. 
Erinaceidce, 367. 
ErinaceuH, 366, 367. 
Ermine, 360. 
Errantia, 141, 145. 
Eaocidee, 260. 
.Eiu2endriuin, 70. 
Eurypterida, 155. 
Eyes of Insects, 176. 

Falcon, 326. 

Feather-star, 122. 

Felidce, 360 ; dental formula, 357. 

Feli8, 361. 

Field-bug, 181. 

Filaria, 134. 

Finches, 324 

Finner- whales, 846. 

Fishes (see Pisces). 

Fission, continuous and discontinuous, 

63. 
Fissirostres, 324. 
Flagellata, 56. 
Flat-flsh, 260. 
Fleas, 185. 
Flesh-flies, 186. 
Float of Physophoridce, 82* 
Flukes, 181. 
Flustra, 200, 201, 204. 
Fly-catcher, 824. 
Flying-Dragon, 290. 
Flying-Lemur, 867. 



FockI of Asimili uid Fluti, i. 
Fcwt otMottaaca, 1M, 111, IIS, 220. 



Furatmai/ira, il, general 
f, 36^ (Boudgpodi* of. 3; 



38; (fflnll 

Fomt-flieii, Igg. 
Farmicida, Kt, 
Font, 31 >. 
Foi, SWI. 
Fol-UlB, MB, 
FriRite-Mrd, BIS. 
FritiffiUida, S24- 

Fro«, !M, 271, 27S; d 

JiWi™, Bid. 

Funnel aj CUnophara, I 



OruMrcpo^, 1ST, SID; getwnl cb> 
odoDtopbort of, IIB • devalopmen 



Oonaplioitli T2, 71 J 



Qordiatta, 12T ; (auenl chuuten, 13S. 









Huveat-man, Idl. 



B>MrDC«rciil Till fFlihea), Ufl, 2U, 
Hfteropeda, 21 B. 
Hippobtfica, IBO. 
Hippiieamsiidce, !(». 



IS ^ eeDeitd chuiclen 



Hooej-bu^r, 160. 
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Howlers (Monkeys), 869. 

Hamming-birds, 824. 

HyamidcB, 860. 

Hydatids, 181. 

Hydcttinaj 135. 

Hydra, 66 ; reproduction of, 68. 

Hydrachnaf 164. 

Hydra-tuba, 89, 90. 

Hydrida, 66. 

Hydrocorallince, 66, 94. 

Hydrtndat 66; reproduction of, 71, et 

seq. 
Hydroid Zoophytes, 66. 
Hydrophidce, 287. 
Hydrorhiza, 66. 
Hydrosoma, 64. 
Hydrothecae, 77. 
Hydrozoa, 61 ; general characters of, 

ib. ; terminology of, t6. ; reproduction 

of, 71 ; divisions of, 66. 
Hylobates, 370. 
Hymenoptera, 188. 
Hyracoidea, 337 ; general characters of, 

855. 
JJyraXt 355. 
Hyettricidcey 363. 

Ibis, 317. 

Ichneumon (Insecta), 18P. 

Ichthyomorpha, 268, et tseq. 

lehthyopthirat 160. 

Ichthyopgida, 243. 

Ichthyopterygia, 279; characters of, 293, 
etseq, 

Jchthyomis, 828. 

IchthyosauruSy 293. 

Iguana, 289. 

Jauanodon, 296. 

Ilyanthus, 99. 

Imago, 177. 

Imperforata {Foraminifera\ 39. 

Individual, definition of. 61, et aeq. 

Infusoria^ 27, 28 ; general characters of, 
52 ; distribution of, in space, 56. 

Insecta, 147; general characters of, 171, 
et seq. ; organs of the mouth of, 172 ; 
digestive system of, 174; metamor- 
phoses of, 176 ; orders of, 179, et geq. 

Insectivora^ 337 ; general characters of, 
366. 

In»e88ore8t 322. 

Invertebrata^ general characters of, 
15. 

Isia, 106, 107. 

Isopoda, 153. 

IulU8, 169. 

Jacar^, 292. 

Jackal, 860. 

Jaguar, 362. 

Jay, 324. 

Jelly-fishes, 73, 84, et seq. 

Jerboa, 364. 

Kalono, 866. 
Kangaroo, 840, 341. 



Kangaroo-bears, 341. 
King-crabs, 154, 155. 
Kingfisher, 324. 
Koala, 341. 
Koodoo, 358. 

Lahyrintkodontia, 267, 274. 

Lacerta, 288, 289. 

Laeertilia, 279; general characters of, 
288, et sea. 

Lcemodipoaa, 164. 

Lagena, 38, 39. 

Lagopus, 319. 

Lamellibranchiata, 197; general char- 
acters of, 210, et seq. 

Lampreys, 246, 256, 257. 

Lamp- shells, 207. 

Lancelet, 246, 250, 254, 265. 

Land- salamanders, 270. 

Laniidce, 324. 

Lapwing, 817. 

LaridcBf 315. 

Larks, 324. 

Larva (of InsectaX 177. 

Leeches, 141, 142. 

Lemming, 364. 

Lemuridce, 368. 

Lemurs, 368. 

Leopard, 861. 

LepadicUjBt 159. 

Lepidoptera^ 186. 

Lepidosiren, 252, 258 ; general charac- 
ters of, 264, 265. 

Lepidosteus, 261. 

Leporidoe, 363. 

Lepus, 363. 

Libellulidce, 184. 

Lice, 179. 

Limax, 220. 

LimtUuSf 154, 155. 

LiDg, 260. 

Lingual Ribbon (of Mollusca), 216. 

Lingula, 209. 

Linnets, 324. 

Lion, 861. 

Liver-fluke, 131. 

Lizards, 288, et seq. 

Llama, 351. 

Lobster, 149, et seq. 

Lob-worm, 145. 

Locust, 182. 

LocustidoBf 182. 

Locust-shrimp, 153. 

Lophobranehiit 260. 

LophopuSy 204. 

LophmrtyXy 319. 

Lories, 322. 

LoxiadcBy 324. 

Lucemariat 88. 

Lucemarida, 66; general characters 
of, 88; development of, 89; struc- 
ture of reproductive zoOids of, 90, 
et seq. 

LumbrieidcBf 142. 

Lwnbrieus, 143. 

Lynx, 862. 
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Macaque, 869. 

Macaw, 822. 

Mackerel, 260. 

MaeropodidcB, 840. 

MacroaeelidcBt 367. 

Ma,crura, 149. 

Madrepcriform tubercle, of Fchinus, 

115; of Star-fishes, 119 ; of Hulothu- 

rians, 126. 
Magpie, 824. 
JVata, 152. 

MtUacodermata (Zodntharia), 98. 
Malacopteri, 260. 
MaMophaga^ 179. 

Malpighian vessels of Insects, 175. 
Mcmrnialia, 329, et seq. 
Mammoth, 357. 
Man, 871. 
Manatee, 848, 344. 
Mandibles, of Spiders, 161 ; of Insects, 

178; of CephcUopoda, 224. 
Mania, 343. 
Mantle, 198, 210. 
Manubrium, 72. 
Mai^nal bodies of Medusidoe, 86 ; of 

Lucemarida, 91. 
Marmoset, 869. 
Marmot, 364. 

Margipobranchii, 254; general charac- 
ters, 256, et seg. 
Marsupialia, 336 ; general characters 

of, 339, et seq. 
Martin, 324. 
May-flies, 184. 

Maxillffi of Spiders, 161 ; of Insecta, 173. 
Measles, of Pig, 130. 
MediLsce, hidden-eyed, 88, et seq. 
Medusae, naked-eyed, 73, 74, 75, 84, 92. 
Medusidce, 84, et aeq, 
Medusoid buds of Hydrozoa, 73, 74, 75, 

78. 88, 92. 
MegalosaurtLS, 296. 
Megapodidce, 819. 
Meleagris, 319. 
Melea, 360. 
Melicerta, 135, 136. 
MeliphagidcBf 324. 
Mellivora, 360. 
Melolontha, 192. 
MephUis, 360. 
MeropidcB, 324. 
Merostomata, 154. 
Merulidce, 824. 

Mesenteries (of ^c^j'nozoa), 69, 96. 
Metamorphoses of lusects, 176, et aeq. 
Mice, 864. 

Microgromia, 40, 41. 
MUiola, 38. 
MiHepo-ra^ 94, 95. 
Millipedes, 108, 169. 
Mink, 360. 
Mites, 168. 
Mole. 860, 867. 

if^ 21; general characters of, 
•lieU of, 198 ; di visiong of, 



Mollusca Proper, 210, et seq. 

MoUuscoida, characters of, 199; divi- 
sions of, 200, et seq. 

Monera, 27, 31. 

Monitors, 289. 

Monkeys, 368. 

Monothalamous shells (Foramin^era), 
39. 

Monotremata, 386; general characters 
of, 388, et seq. 

Moose, 853. 

Morphology, 10. 

Morse, 359. 

Moths, 186, 188. 

Mud-eel, 269. 

Mud-fish, 252, 253, 264. 

MugUidoe, 260. 

Multi valve shells, 168, 215. 

MuraenidcB^ 260. 

Muridce, 364. 

Musea, 186. 

MuscicapidcBf 324. 

Musk-ox, 354. 

Musquash, 363. 

MusUlidce, 360. 

Mya, 211, 214. 

Myeetes, 369. 

Myoxidce, 364. 

Myriapoda, 147 ; general characters of, 
168. 

Myrmecophaga, 342. 

Myrmeleo, 184. 

Myxine, 256. 

Myxinidoe, 256. 

Myxinoids, 253, 257. 

NaididoB, 142. 

Naja. 283, 288. 

Narwhal, 346. 

Nasua, 360. 

Natatores, 318; general characters of, 

313, et seq. 
Nautiloid shells (Foraminifera), 40. 
Nautilus, Pearly, 222, 224, 226, 230, 231; 

Paper, 222, 224, 225, 226, 228. 
Nectocalyces, 80, 85. 
Nematoda, 128 ; general characters of, 

134. 
yemertidcB, 132. 
Nervures, 171. 
Neuroptera, 183. 
Newt, 268, 270. 
yoctUuca, 57. 
Nodosaria, 38, 89. 
Nucleolus of Paramcecium, 65. 
Nucleus of Paramcecium, 66. 
Nvdibranchiata, 218. 
Num^nius, 316. 
Numida, 819. 
Nummulites, 48. 
Nummulitic Limestone, 43. 
Nyctiubidm, 368. 

Oceanic Hydrozoa, 80, et seq. 
Oetopoda, 227, et seq. 
Octoptis, 228. 
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Odantoceti, 346. 

OdontoleoB, 327. . 

Odontophore of Gasteropoda^ 216. 

Odo7UomUhe», 310, 327. 

OdorUatormce, 328. 

Oligocfuxta, 141 ; general characters of, 

142. 
Omnivora (Ungulata)^ 349. 
OniseuSf 154. 
Onychophora, 170. 
Operculum (of MaUnses), 216. 
Oj^Aidta, 276, 279; general characters 

of, 283, et »eq. 
Ophiocoma, 120. 
Ophiomorphay 268. 
Ophiosaurus, 289. 
Op^iwra, 120. 
C^iuroidea, 113 ; general characters of, 

119, et »eq. 
Opossum, 340, 341. 
Orang-outang, 370, 371. 
Organ-pipe Coral, 105, 106. 
Organs of the mouth of Insects, 172. 
Omithorhynchtbs, 338, 339. 
Orthoceras, 231. 
Orthopteray 182. 
OrtyXy 319. 
Orycteropus, 343. 
Oscula of Sponges, 48. 
Osteolepis, 262. 
Ostradontidce, 260. 
Ostracoda, 157, 158. 
Ostrich, 299, 300, 302, 304, 806, 308, 310, 

311. 
Otid<B, 317. 
Otter. 360. 

Ovarian vesicles of Serttilarida, 77, 78. 
OviboSy 354. 
OtddcBy 363. 
Ovipositor, 172. 
Ovis, 353. 
Owls, 825. 
Oxen, 353. 
Oxyuris, 134. ' 
Oyster-eatcher, 317. 

Paca, 363. 

Paddle-fish, 262. 

PaguridcB, 151. 

Pallial line, 213. 

Pallium (see Mantle). 

Pangolin, 343. 

Panther, 361. 

Paper Nautilus, 222. 224, 235, 226, 228. 

Paramoeciumy 17, 53 ; reproduction of, 

55 ; nucleus and nucleolus, t&. 
Parapodia, 140. 
Parrakeets, 322. 
Parrots, 322. 
Partridge, 319. 
Passerine Birds, 322L 
Patagium, 364. 
Pauropoda, 369. 
Pauropus, 169. 
Pavoy 819. 
Peafowl, 31 9t 



Pearly Nautilus, 222, 224, 226, 230, 231. 
Peccary, 349. 

PeeteUy 214. 

Pedicellarie, of Echinus, 115; of Star- 
fish, 119. 

Pedipalpiy 164. 

Pe^tcw, 287. 

Pelicanus, 315. ; 

Penguin, 315. 

Pennatula, 105. 

Pentatoma, 181. 

Perameles, 341. 

Perchers, 322. 

PereidcBy 260. 

Perdiddce, 319. 

Perdix, 319. 

Perennibraiichiata {Amphibia), 268. 

Perforata {Foramir^fera), 39. 

Peripatus, 170. 

Penssodactyla, 347. 

Petrels, 315. 

Petromyzon, 256, 258. 

Petromyzonidce, 256. 

PhacochcertiSy 349. 

Phalacrocorax, 315. 

Phalangers, 341. 

Thalangistay 341. 

Phalcmgium, 165. 

Pharyngobranchii, 254, e« ^eqr. 

Pharynx of Aseidians, 205, 267; <>f 
Lancelet, 255. 

Phaseolaretos, 346, 341. 

Phasianida, 319. 

Pheasants, 319. 

Phoca, 359. 

Pholades, 214. 

Phryganeidxe, 184. 

Phylhvoda, 157. 

PhysaUay 82, 83. 

Physiology, 10. 

Physophwrxdte, S2. 

Picufcc, 321. 

Pig, 349. 

Pigeons. 820. 

Pike, 260. 

Pilidium, 132. 

PtnnHJ^oda, 358, e< scg. 

Pipidce, 274. 

Pisces, 243, 244 ; general charactci-s of. 
245 ; scales of, t5. ; skeleton of, 246 ; 
limbs of, 248; tail of, 249; digestive 
svstem of, 250 ; respiratory system of, 
ih. ; heart of, 251 ; swim-bladder of, 
253; nervous system of, ib. ; repro- 
duction of, ib. ; orders of, 254. 

Placental Mammals, 336. 

Placoid Scales of Fishes, 245. 

Plagiostomi, 264. 

Planarida, 132. 

Plantigrada, 358, 359. 

Plant-ltee, 182. 

PUUyrhina, 369. 

PleetogjuUhi, 260. 

Plesiosaurus, 294. 

Pleurobraehia, 109; canal system of 
110. 
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PUuroneetidce, 260. 

Plovers, 317. 

Pluteus, 117. 

Pnennutophore, 8S. 

PodoaomtUa, 168. 

Podurat 180. 

Polecat, 360. 

Polyeyttimat 44. 

Polpgastriea, 54. 

Polynoe, 145. 

Polypary, 65. 

Polype, 97. 

Polypide, 201. 

Polypidom, 65. 

Polyplte, 64. 

PolypUrua, 261, 262. 

PolyttuUamia (Poraininifera)^ SO. 

Polyzoat 196, 197, 199 ; general charac- 
ters of, 200, et 8eq. 

Porcupine, 868. 

Porcupine Ant-eater, 338. 

Pores of Sponges, 48. 

Porpoises, 844, 846. 

Portuguese man-of-war, 82, 8S. 

Poulpe, 228. 

Prairie-dog, 864. 

Proboseidea, 387 ; general charaeters of, 
355. 

ProcellaridcB, 815. 

Procyon, 860. 

Prong-buck, 353. 

ProteuSy 269. 

Proteus-animalcule, 32. 

Protophytaf 3. 

Protopliwm, 27. 

Protozoa^ general characters of, 86, 
et 9eq. ; classification, 28 ; tabular 
view of, 57. 

Proventriculus of Birds, 804. 

Proximal, 65. 

Pseudo-hsemal system (AnneUda), 141. 

Pseudo-hearts, 209. 

Pseudonavicellse, 30. 

Pseudopodia, of Protozoa, 28 ; of RhizC' 
poda, 38; otAnueba, i&. 

Pseudo-scorpions, 165. 

PsittacidcB, 322. 

Ptarmigan, 819. 

PUrocUdcB, 819. 

PterodactyleSt 295. 

Pteropid(B, 865. 

Pten^Nxia, 197, 198, 210 ; general char- 
acters of, 220, et seq. 

Pteropw, 365, 866. 

Pterosauria, 279 ; general characters of, 
294. 

Pterygottu, 165. 

Puff-adder, 287. 

Pulex, 186. 

Ptdietdoe, 185. 

Pulmonary sacs (Arciehnida), 163. 

Pulmonate Gasteropods, 220. 

Puma, 862. 

Pupa, 177. 

Pycnogonum^ 164. 

Python, 287. 



Quadrwnana, 837 ; general characters 

of, 368, et 8eq. 
Quagga,8i8. 
Quan;819. 

Babbit, 868. 
Racoon, 360. 
Radiata^ 58. 
Radiolaria, 31'; general characters of, 

43. 
Rails, 816. 
Rallidce, 316. 
Jtallus, 816. 
Bana, 271. 
Ranidce, 273. 
Raptores, 313, 324, et seq. 
Basores, 318, 817, et seq. 
Rat, 864. 
BatUce, 810. 
Rattlesnake, 286, 287. 
Rays, 262, 264. 
Red Coral, 107, 108. 
Red Deer, 363. 
Regnum Protistieum, 3. 
Reindeer, 353. 
Reproduction, general features of, 6S ; 

in Hydroid Zoophytes, 71, et teq. 
ReptiUa^ 243, 244 ; general characters of, 

275, et seq. ; jaw of, 276 ; teeth ol^ 277 ; 

circulation of, ib. ; respiration of, 278 ; 

orders of, 279. 
Respiratory tree of Holothnrians, 125. 
Respiratory tubes of Rotifera, 136. 
Rlumphastidce, 822. 
Rheay 812. 
Rhinoceros, 847. 
RhizocephaitLy 159. 
RhizocrinuSt 122, 123. 
Rhizopoda, 28; general characters of, 

31 ; divisions of, ib. 
Rhizostoma, 92. 
Rhizostomidcey 92. 
Rhytina, 844. 

Ribbon-worms (see Xemertidas). 
Rodentia, 337; general characters of, 

362, et seq. 
Roebuck, 853. 
Rorquals, 346. 
Rot^era, 128 ; general characters of, 135, 

et seq. 
Round-worms, 134. 
Rugosa, 98 ; characters of, 108. 
Ruminantia, 349; dentition of, 850; 

stomach of, ib. ; families of, 851. 
Runners (Birds), 310. 

Sable, 360. 
Saaitta, 189. 
ScumonidcSy 260. 
Sand-hopper, 146, 154. 
Sand-pipers, 817. 
Sand-star, 120. 
Sand-worm, 141. 
Scmguisuga, 142. 
Sarcode, 27. 
Sarcoids of Sponges, 47. 
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Sauropgidaf 243. 

Sauropterygiaf 279 ; general oharaoters, 
294. 

SauromitheSf 326. 

Saururce, 810, 326. 

Saw-flies, 189. 

Scallop, 214. 

ScansoreSf 318, 320, et seq. 

Seineus, 290. 

Seiuridop, 364. 

Sclerob(mca(ZoarUharia\ 104. 

Sclerobasic Corals, 100, 106. 

Scterodermata {ZocmUiaria), 100. 

Sclerodennic Corals, 100. 

Scolecida, 112; general characters of, 
127. 

ScolopaeidcBf 316. 

ScoU^aendrat 169. 

ScomAeridce, 260. 

Scorpion, 161, 164, 165. 

Scratchers (Birds), 817. 

Sea-anemones, 98. 

Sea-blubbers, 90. 

Sea-cucumbers, 124. 

Sea-eggs, 114. 

Sea-lemons, 218w 

Seals, 858, 859. 

Sea-mats, 200. 

Sea-mosses, 200. 

Sea-mouse, 145. 

Sea-pens, 105. 

Sea-rods, 104. 

Sea-slugs, 218. 

Sea-snakes, 287. 

Sea-spiders, 163. 

Sea-squirts, 204. 

Sea-unicorn, 846. 

Sea-urchins, 114. 

S^mental organs of Annelides, 141. 

Suachii, 264. 

Senrnopitheeus, 369. 

Sepia, 228, 229. 

Sepiola, 222. 

Serpula, 144. 

Sertularia, 76. 

Sertularidaf 66; general characters of, 
76 ; polypites of, 77 ; reproduotioii of, 
i&. 

Sharks, 262, 264. 

Sheat-fish, 260. 

Sheep, 353. 

Shell, ot Foraminifera, 38 ; of Braehio- 
poda, 207 : of LamellibranchicUa, 
212 ; of OctsUrapoda, 217 ; of Hetero- 
poda, 219 ; of Pteropoda^ 220 ; of the 
Argonaut, 228 ; of Pearly Nautilus, 331 . 

Shrew-mice, 366, 367. 

Shrikes, 324. 

SiluridcB, 260. 

Svmia, 371. 

Siphonopfiora, 66; general characters 
of, 80. 

SiphoTwpe, 268. 

Siphons ^of Lamell^rcmchUtta)^ 218. 

Sipunemus, 140. 

Siredon, 269. 



Siren, 269, 270. 

Sirenia, 836; general characters of, 343, 
et ieq. 

Skink, 290. 

Skunk, 360. 

Sloths, 341, 342. 

Slow-worm, 289. 

Snakes, 283, et »eq. 

Snipes, 316, 817. 

Solagter, 119. 

Solen, 214. 

Somatic cavity of Ccelenterata, 59, 

Sorioidce, 366, 867. 

SpattUaria, 262. 

Sperm-whale, 346. 

SphenisoidcB, 315. 

Spider-crab, 152. 

Spider-monkeys, 369. 

Spiders, 161, 162, 165. 

Spinneret, of Spiders, 167; of Cater- 
pillars, 187. 

Spirorbis, 144. 

^rtUa, 228, 229. 

Spongida, 31; general characters of, 
46, et seq.; aquiferous system, 48; 
reproduction of, 50 ; dlstnbution of, 
in space, 51. 

Spongilla, 49, 50, 51; reproduction of, 
50. 

Spoon-worm, 139, 140. 

Springbok, 353. 

Spring-tails, 180. 

Squids, 229. 

SquUla, 158. 

Squirrel, 364. ' 

Star-fish, 118. 

Starling, 324. 

Star-nosed Mole, 366. 

Stentor, 56, 57. 

Stephanoceros, 136. 

Stomapoda, 158. 

Storks, 317. 

Strepsiceros, 354. 

Strepsirhina, 368. 

StrepHptera, 191. 

Strigidce, 825. 

Struthio, 311. 

Sturgeon, 246, 249, 261, 262. 

Stuno, 261. 

SturUmidcB, 261. 

StumidcB, 324. 

Stylopt, 191. 

Sub-kingdoms, 11, 15. 

Suetoria {Ir^fiiaoriay, 56. 

Suida, 349. 

Suia, 315. 

Sun-star, 119. 

Surinam Toads, 274. 

Su8,M9. 

Swallows, 324. 

SWan, 815. 

Swifts. 804, 824. 

Swim-bladder of Fishes, 253. 

Swimmers (Birds), 813. 

Swimming-bells, 80. 

Sylviadas, 324. 



404 



INDEX. 




}ta, 125. 
me, 71. 
thuUx, 26a 
Syrinx, 139. 

Tabanidof, 186. 

Tcenia, 128, 180. 

Tceniaday 127; general characters of, 

188 ; development of, 129. 
TalUrtu, 146, 164. 
Talpa, 366. 
Ta^ndcB, 866. 
Tanto^tTus, 317. 
Tape-worm, 128, et seq. 
Tapir, 25, 347. 
Tasmanian Devil, 341. 
Tegenaria, 166. 
Teleostei, 254; general characters of, 

258, et seq. 
Tenrec, 367. 
Tenthredinidce, 189. 
TenuiroatreSy 324. 
Terehratula, 208. 
Termites, 104. 
Tern, 315. 
Terrapin. 282. 
Test of Foraminiferat 88 ; of Eehinmdea, 

114 ; of Tunieata, 204. 
TestfAdinidoB, 283. 
T0«tu(2o, 283. 

Tetrabranehiata, 224, 227, 230. 
Tetranychva, 164. 
Tceroo, 319. 
2f'eeraonuto, 319. 
T^iotomopAora, 36. 
Thalassicolla, 45. 
Tkalassieollida, 45. 
rA«rw)don«u», 206. 
Theriomorpha, 271. 
Thick-knee, 317. 
Thorn-headed Worms, ISSu 
Thread-cells (see Cnidce). 
Thread-worms^ 134. 
Thrush, 324. 
Thylacinus, 341. 
Thyganura, 180. 
Ticks, 163. 
Tiger, 361. 
TUlod(mtia, 354. 
Tipula, 186. 
Toads, 266, 271, 27S. 
Tongue, of Gasteropods, 71^ ', ot Cephal- 

opoday 224. 
Toothed Whales, 346. 
Tortoises, 280, et seq. 
Toucan, 322. 
Toxodcintiay 355. 
Trachese, 163, 175. 
TragtUidce, 352. 
Tree-frogs, 273. 
Trematoda, 127; general characters of, 

131. 
Trepangs, 124. 
Triehecus, 359. 



Trichina, 134. 

Trigonocepkaluif 287. 

Tnlobita, 155. 

TringidcBy 317. 

2Vionyetcus, 282. 

TriUm. 270. 

TroehUid4X, 824. 

Troglodytes, 371. . 

Tnj^pomuto, 322. 

Trophosome, 72. 

Tabe-feet of JSbAinw, 116. 

Tube-worms, 141, 143. 

Tnbicola, 141, 14& 

Tubifex, 143. 

Tubipora, 105, 106. 

TtdnUaria, 70. 

ITu&ularvia (see Corynida). 

Tunicatay 199 ; general characters of, 

204, et seq. 
Tupaia, 367. 
TurbeUaria, 127 ; general characters of, 

132. 
Turkey, 319. 
Turn-stones, 817. 
Turtles, 280, 281, 282. 

Umbbella ot Lueemarida. 88, 92. 

Univalve Shells, 215. 

Ungulata, 336; general characters of, 

347, et seq. 
UpupinoB, 324. 
UrasUry 118, 119. 
Urodekby 267, 268. 
Ursidce, 359. 

Vactjoubs, of Am€^a, 33; of Param<»- 
eium, 54. 

Vaginicolay 56. 

Valkeriay 204. 

VaranidcBy 289. 

Veil, of gonophores, 73 ; of nectocalyce*, 
81 ; of naked-eyed Medusce, 86. 

VelellUy 83. 

Venus's flower-basket, 50. 

Venus's girdle, 110.^ 

VeretUlum, 105. 

Vermes, 139. 

Vertebra, structure of, 236, 

Vertebrcttay"* 15, 22 ; general characters 
of, 233, et seq.; skeleton of, 235 ; diges- 
tive system, 239; blood of, 241; 
respiration of, ib. ; nervous system 
of, 242 ; reproduction of, ib. ; divi- 
sions of, 243. 

Vesicle, contractile, of Protozoa, 27, 34, 
38,55. 

VespidoB, 189. 

Vinegar Eel, 135. 

Vipera, 287. 

Viperidce, 287. 

Virgularia, 104. 

ViverridcB, 360. 

VortieeUa, 53, 55, 56, 57. 

Vulture, 826. 
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Wadkbs (BirdBX 815. 

Wah, 860. 

Walnu, 858, 859. 

Wapiti, 353. 

Warblers, 824. 

Wart-hog, 849. 

Wasps, 189. 

Water-fleas, 157. 

Water-hens, 816. 

Weasel, 360. 

Whale, 380, 881, 835, 843, 344. 

Whalebone Whale, 343. 

Wheel-animalonles, 135. 

YHiite Ant, 184. 



Wolf, 860. 
WolTerine, 860. 
Woodcock, 817. 
Wood-lice, 164. 
Woodpeckers, 822. 

XipfioaurOt 154. 

Zbbra. 348. 

Zoanthariaf 98; Malaeodermetta, 98; 
Selerobasica, 104; SeUroiUrmata, 100. 
ZoanthuSt 99. 
Zooid, 64. 
Zoology, definition of, 8. 
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I. 
AN ETTMOLOOIOAL AND FBONOUNCIVO 

DICTIONABT OF THE ENGLISH LANOUAOE. 

Including a Tery Copious Selection of Sdentifie, Technical, and 
other Terms and Phrases. Designed for CJse in Schools and Col- 
leges, and as a Handy Book for General Reference. By the Rby. 
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by the Rev. P. H. PHELP, M.A. Fourth Edition, revised, and 
enlarged with a Supplement of many additional words ; and a List 
of Scsripture proper names, and other names, all respelt for pronun- 
ciation. Crown 8vo, pp. 786, 7s. 6d. 
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THE SCHOOL ETYMOLOGICAL DICTIONABT AND 

WORD-BOOK. Combining the advantages of an ordinary Pro- 
nouncing School Dictionary and an Etymological Spelling-Book. 
Containmg : The Dictionary — List of Prefixes— List of Postfixes — 
Vocabulary of Root-words, followed by English Derivations. By 
the Same. Fcap. 8vo, pp. 260. 2s. 

m. 

THE HANDY SCHOOL DICTIONABT. For Use in 
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the Same. Pp. 268. 9d. 
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Dictionary and Word-Book.^ For Use in Schools. By the Same. 
6d. 



OPINIONS OF THB PRBSS. 
ETTMOLOOICAL AVD PSOVOimCIirO DICTIOVAST. 
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This Dictionary Is admirable. The etymological part especially is good 
and sound. . . . The work deserves a place in every English school, whether 
boys' or girls*."— fTertmiiuter Beview, 



*€ 



' A good Dictionary to people who do much writing is like a life-belt to 
people who make ocean voyages : it may, perhaps, never be needed, but it is 
alwavs safest to have one at hand. This use of a dictionary, though one of the 
humblest, Is one of the most general For ordinary purposes a very ordinary 
dictionary wiU serve ; but when one has a dictionary, it is as well to have a 



Educational Works* 



STOBMOITTH'S DICTIOVASIES— QpuMOfU6()fi<»f»ue(2. 

good one. . . . Special care seems to have been 'bestowed on the pronon- 
ciation and etymological derivation, and the ' root-words ' which are given 
are most valuable in helping to a knowledge of primary significations. All 
thzoofl^ the book are evidences of elaborate and conscientioas work, and any 
one who masters the varied contents of this dictionary will not be fur off the 
attainment of the complete art of ' writing the English langoage with pro- 
priety/ in the matter of orthographv at any rate."— ^e^out Norihem Whig. 

*' A ftill and complete etymological and explanatory dictionary of tiie English 
langoage. . . . we have not space to describe aU its excellences, or. to itoint 
out in detail how it differs from other lexicons ; but we cannot with invtice 
omit mentioning some of its more striking peculiarities. In the first place, it 
is comprehensive, including not only all the words recognised by uie l^t 
authonties as sterling old English, but all the new coinages which have pufled 
into general circulation, with a great many scientific terms, and those wnich 
come under the designation of slang. . . . The pronunciation is careftilly and 
clearly marked in accordance with the most approved modem usage, and in 
this respect the Dictionary is most valuable and thoroughly reliable. As to the 
etymology of words, it is exhibited in a form that fixes itself upon the memory, 
the root-words showing the probable origin, of the English words, their primary 
meaning, and their equivalents in other languages. Much useful information 
and instruction relative to prefixes, postfixes, abbreviations, and phrases from 
the Latin. French, and other languages, &c., appropriately follow the Diction- 
ary, which is throughout beautifiuly and most correctly printed."— CiviZ Servua 
Gazette. 

** A really good and valuable dictionary."— JbumaZ ofEdneaiitm, 

" I am happy to be able to express — and that in the strongest terms Of com- 
mendation—my opinion of tiie merits of this Dictionary. Considering the ex- 
tensive field which it covers, it seems to me a marvel of painstaking labour and 
general accuracy. With reg^urd to the scientific and technical woras so exten- 
sively introduced into it, I must say, that in this respect I know no Dictionary 
that so satisfactorily meets a real and widely felt want in our literature of re- 
ferenca I have compared it with the liurge and costly works of Latham, 
Wedgwood, and others, and find that in the fulness of its details, and the 
clearness of its definitions, it holds its own even against them. I^e etymology 
has been treated throughout with much intelligence, the most distinguisheil 
authorities, and the most recent discoveries in pmlological science, having been 
laid under careftd contributioa" — Richard D. OroAom, Baq., Englith Master, 
CoUegefor Daughters of Ministers of the Church of Scotland and of Proftaaors im, 
the Scottish Universities. 

SCHOOL ET7U0L0GICAL DICTIOVAST. 

" This Dictionary, which contains every word in ordinary use, is followed up by 
a careftdly prepared list of prefixes and postfixeis, witi^ illustratii^e examples, and 
a vocabulary of Latin, Greek, and other root- words, followed by derived English 
words. It will be obvious to every experienced teacher that these lists may 
be made available in many ways for imparting a sound knowledge of the English 
language, and for helping unfortunate pupils over the terrible difficulties of our 
unsystematic and stubborn orthography. We think this volume will be a valu- 
able addition to the pupil's store of books, and, if rightly used, will prove a safe 
and suggestive guide to a sound and thorough knowledge of his native tongue. " 
—The i^ioolmaster. 

" Mr Stormonth, in this admirable word-book, has provided the means of 
carrying out our prindple in the higher classes, and of correcting all the in- 
exactness and want of completeness to which the English student of EngUsK 
is liable. His book is an etymological dictionary curtailed and condensed. . . . 
The pronunciation is indicated by a neat system of symbols, easily mastered 
at the outset, and indeed pretty nearly speaking for themselvM.*'— JSokooI Board 
Chronicle. 
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Seyenth Thousand. 
New Edition, thoroughly revised and brought down to the present time. 

MANUAL OF MODEBN OEOOBAPHY; Mathemati- 
OAL, Phtsioal, and Politioal ; on a new plan, embracing a com- 
plete development of the Riyer Systems of the Globe. By the , 
Kev. Alexander Maokat, LL.D., F.R.G.S. Bevised to date of 
I)ablication. Grown 8to, pp. 688. 7a 6d. 
This Yolmne— the result of many yean* nnremitting application— ifll* 
specially adapted for the use of Teachers, Advanced Glasses, Gandidates • 
for the Givil Service, and proficients in geoeraphy generally. 

In this edition tile entire work has be^ subjected to another 
thorough revision. All political chan£[e8 are carefully represented ; the 
social, mdustrial, and commercial statistics of all countnes are brought 
down to the latest dates ; and the rapid progress of geographical ms- 
covery is duly notified. In short, no pains have been sparea to render 
the work wholly reliable in every department. 

Fortieth Thousand. 

ELEMENTS OF MODEBN OEOOBAPHY. By the Same. 

Bevised to the present time. Grown 8vo, pp. 800. 8s. 
The ' Elements* form a careful condensation of thfi» 'Manual,' the 
order of arrangement being the same, the river-systems of the globe 
playing the same conspicuous part, the pronunciation beinggiven, and 
the results of the latest census oeing uniionnlv exhibited. This volume 
is now extensively introduced into many of the best schools in the 
kingdom. 

One Hundred and Sixth Thousand. 

OUTLINES OF MODEBN OEOOBAPHY. By the Same. 

Bevised to the present time. ISmo, pp. 112. Is. 

These ' Outlines ' — in many respects an epitome of the ' Elements ' — 
are carefully prepared to meet the wants of beginners. The arrange- 
ment is the same as in the Author's larger workisL Minute details are 
avoided, the broad outlines are graphically presented, the accentua- 
tion marked, and the most recent cnanges in political geography ex- 
hibited. 

Fourth Edition, Bevised. 

THE INTEBMEDIATE OEOOBAPHY. Intended as an 

Intermediate Book between the Author's * Outlines of Geography' 
and 'Elements of (Jeograph^.* By. the Same. New Edition, to 
which is appended an abridgment of 'Scripture Geography.' 
Crown 8vo, pp. 244. 2s. 

Sixty-Ninth Thousand. 

FIBST STEPS IN OEOOBAPHY. By the Same. Bevised 

to the present time. ISmo, pp. 56. Sewed, 4d. In doth, 6d. 

OEOOBAPHY OF THE BBITISH EMPIBE. By the 

Same. 8d. 

ELEMENTS. OF PHYSIOOBAPHY. By the Same. 

Seventh Thousand. See page 11. 
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OPINIONS OF DB UAOXArS aEOOU?HIOAL 8BBIBS. 



Annual Addreas of the President of the Royal Geoflpraphical Society. 
—We must admire the ability and persevering research ^th which he has 
succeeded in imparting to his ' Manual ' so much freshness and originality. 
In no resx>ect is tnis character more apparent than in the plan of arrangement, 
by which the author commences his description of the physical geography of 
each tract by a sketch of its true basis or geological structure. It ii^ indeed, 
a most useful school-book in opening out geographical knowledge. 

Saturday Review.— It contains a prodigious array of geographical facts, 
and will be found useftQ for reference. 

English Journal of Education.— Of all the Manuals on Geography that 
have come under our notice, we pUice the one whose title is given above in the 
first rank. For fulness of informatioii, for knowledge of method in arrange- 
ment, for the manner in which the details are handled, we know of no work 
that can, in these respects, compete with Mr Mackay's If anuaL 

A. KEITH JOHNSTON, LL.D., F.R.S.E.. F.R.O.&, H.M. Geographer 
for Scotland, Author <tf the ' Royal Atlas, &o., &o.— There is no work 
of the kind in this or any other language, known to me, which comes so near 
my i(2eaZ of i)erfection in a school-book, on the important subject of which it 
treats. In arrangement, style, selection of matter, clearness, and thorough 
accuracy of statement, it is without a rival ; and Imowing; as I do, the vast 
amount of labour and research you bestowed on its production, I trust it will 
be so appreciated as to insure, by an extensivs sale, a well-merited reward. 

G. BIOKERTON, Esq., Edinburgh Institution.- 1 have been led to form 
a very high opinion of Mackay's ' Mumal of Geography ' and ' Elements of Geo- 
graphy,' partly firom a careftil examination of them, and partly from my exi>e- 
rience of the latter as a text-book in the Bdinbukoh Institution. One of 
their most valuable features is the elaborate Table of River-Basins and Towns, 
which is given in addition to the ordinaij Province or County list, so that a 
good idea may be obtaiued by the pupil of the natural as well as the political 
relationship of the towns in each country. On all matters connected with 
Physical Geography, Ethnography, Government, &a, the information is ftill, 
accurate, and well digested. «. They are books that can be strongly recommended 
to the student of geography. 

RICHARD D. GRAHAM, Eiudish Master, College for Daughters of 
Ministers of the Church ox Scouand and of Professors in the Scottish 
Univenitiee.— No work with which I am acquainted so amply fhlfils the con- 
ditions of a perfect text-book on the important subject of whidi it treats, as Dr 
Mackay's 'Elements of Modem Geography.' In fulness and accural^ of de- 
tails, in the scientific grouping of fkcts, combined with deamess and simplicity 
of statement, it stands alone, and leaves almost nothing to be desired in the 
way of improvement Eminently fitted, by reason of tms exceptional vajriet^ 
and thoroufi^ess, to meet aU the requirements of higher education, it is never 
without a living interest, which adapts it to the intelligenoe of ordinanr pupils. 
It is not the least of its merits that its information is abreast of aU the latest 
developments in geographical science, accurately exhibiting both the recent 
political and territorial changes in Europe, and the many important results of 
modem travel and research. 

Spectator.— The best Geography we have ever met with. 
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HISTOaiOAL BEADING-BOOKS. 



EPITOME OF ALIS0N*8 HI8T0BY OF EUBOPE, for 

THK USE OP Schools. Sixteenth Edition. Post 8vo, pp. 604. 
78. 6d., bound in leather. Atlas to ditto, 7s. 

THE EIGHTEEN OHBISTIAN OENTUBIES. By the 

Rev. James White, Author of * The History of France.' Seventh 

Edition, post 8vo, with Index. 68. 
'* He goes to work apon the only tme principle, and produces a picture that 
at once satisfies truth, arrests the memory, and fills the imagination. It will 
be diflacult in lay hands on any book of the kind more oseftd and more enter- 
taining."— 2^fm«a 

HISTOBY OF FBANOE, from the Earliest Times. By the 
Sa1£B. Fifth Edition, poet 8vo, with Index. 6s. 

HISTOBY OF INDIA : From the Earliest Period to the 

Close of the India Compant'b Government, with an Epitome 

OF Subsequent Eviorrs. Abridged from the Author^s larger 

Work. By John Clark Marshman, C.S.L Crown Svo, pp. 5o8. 

6s. 6d. 

" ' There is only one History of India, and that is Marshman's/ exclaimed a 

critic when the original three-volume edition of this book appcMued some years 

a^o. He had read them all, and a whole library of books referring to periods 

of the history, and this was his conclusion. It Is a wise and a just vermct*— 

Z>ai{y JSevimo. 



THE LIFE AND LABOUBS OF THE APOSTLE PAUL. 

A Continaoas Narrative for Schools and Bible-Classes. By Charles 

MiOHiE, M.A Second Edition Revised and Enlarged. Fcap. 

Svo, cloth. Is. 

" A succinct, yet dear and comprehensive, view of the life and labours 

of the great Apostle. The story of Paul's life, so replete with spirit-stirring 

incidents, is told in a manner extremelv well fitted to arrest tiie attention of 

advanced pupils, and we can with confiaence commend this little work as an 

admirable text-book for Bible-classes."— J^otionol Educational Gazette. 



ENGLISH PBOSE COMPOSITION ; A Practical Mannal 

for Use tn Schools. By James Currie, M.A, Principal of 
the Church of Scotland Training College, Edinburgh. Twenty- 
Seventh Thousand. Is. 6d. 
" We do not remember having seen a work so completely to our minds as this, 
which combines sound theory witii Judicious practice. Proceeding step by 
step, it advances fix>m the formation of the shortest sentences to the composi- 
tion of complete essays, the pupil being everywhere fkimished with all needful 
assifitance in the way of moaels and hints. Nobody can work through su(^ a 
book as this without thoroughly understanding the structure of sentences, 
and acquiring fiicility in arranging and expressing his thoughts appropriately. 
It ought to be extensively used." — Athenmim. 

A MANUAL OF ENGLISH PBOSE LITEBATUBE, 

Biographical and Critical : designed mainly to show characteristics 
of style. By W. MiNTO, M.A. Crown 8vo. lOs. 6d. 



EducaHofuU Works. 



OLASSIOAL TEXT-BOOKS. 



ADITUS FACILIOBES : An Easy Latin Oonstrning Book, 
with Complete Vocabulary. By A. W. Potts, M.A., LL.D., 
Head-Master of the Fettes College, Edinburgh, and sometime 
Fellow of St John's College, Cambridge ; and the Rev. C. Darnell, 
M.A., ^ead-Master of Cargilfield Preparatory School, Edinburgh, 
and late Scholar of Pembroke and Downing Colleges, Cambridire. 
Third Edition. Fcap. 8vo. 8s. 6d. 

ADITUS FACILIOBES GBAEOL An Easy Greek Oon- 
struing Book, with Complete Vocabulary. By the Same Authobs. 
Fcap. Syo. 3s. 

A PABALLEL SYNTAX. Greek and Latin for Beginners, 
with Exercises and a Greek Vocabulary. By the Rev. Herbert 
W. Snetd-Ktnnerslet, LL.M., Trin. ColL, Cambridge; Head- 
Master of Sunoinghill House, Asoot; Author of 'Greek Verbs for 
Beginners,' &o. Crown Syo. Ss. 

OAMENABUM FLOSCULOS IN USUM FETTESIAN- 

ORUM DECERPTOS Noris quibusdam illustravebunt A. 
GuL. Potts, M.A., LL.D. ; GuL. A. Heard, M.A. Second 
Edition. Fcap. 8to. 28. 6d. 

PBAOTICAL BUDIMENTS OF THE LATIN LAN- 
GUAGE; Or, Latin Forms Aim English Roots. Comprising 
Accidence, Vocabularies, and Latin-English, English-Latin, and 
E^lish Derivative Exercises, forming a complete First Latin 
Course, both for English and Latin Classes. By John Ross, M. A., 
Rector of the High School of Arbroath. Crown 8vo, pp. 164. Is. 6d. 

INTBODUOTION TO THE WBITING OF GBEEK. 

For the use of Junior Classes. By Sir D. K. Sandfokd, A.M., 
D.C.L. New Edition. Crown 8vo. 38. 6d. 

BULES AND EXEBOISES IN HOMBBIO AND ATTIC 

GREEK ; to which is added a short System of Greek Prosody. 
By the Same. New Edition. Crown 8vo. 6s. 6d. 

GBEEK EXTBACTS, WITH NOTES AND LEXICON. 

For the Use of Junior Classes. By the Same. New Edition. 
Crown Svo. 6s. 

A TBEASUBY OF THE ENGLISH AND GEBMAN 

LANGUAGES. Compiled from the best Authors and Lexico- 
graphers in both Languages. Adapted to the Use of Schools, Stu- 
dents, Travellers, and Men of Business ; and forming a Com^mion 
to all German-English Dictionaries. By Joseph CAnviN, lL.D. 
& Ph.D., of the University of GlJttingen, &c. Crown Svo. 7s. 6d., 
Dound in cloth. 
" An excellent English-German Dictionary, which supplies a real want"— 
Saturday jBevieio. 
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NATUBAL HISTORY. 



A MANUAL OF ZOOLOGY, for the Use of Students. 
With a General Introdiiction on the Principles of Zool^y. By 
Henbt ALueTNBNioHOLBON, M.D., D.So.,M.A., Ph.D., FrkS-E., 
F.G.S., Professor of Natural Historv in the Universitv of St 
Andrews. Fonrth Edition^ revised and enlarged. Grown ovo, pp. 
732, with 800 Ensravings on Wood. 12s. 6d. 
" It is the best mancud of soology yet published, not merely in England, but 

in Enrope."~Paa Ifoa GaaetU, 
"The best treatise on Zoology in moderate compass that we possess."— 

LanceL 

TEXT-BOOK OF ZOOLOGY, for the Use of Schools. 

By the Same. Second Edition, enlarged. Crown 8to, with 188 

Engravings on Wood. 68. 
'*This capital introduction to natoial history is illastrated and well got np 
in every way. We should be glad to see it generally used in schools."— Jfedi- 
cal Prat and (Hrcular. 

INTBODUOTOBY TEXT -BOOK OF ZOOLOGY, for 

THB Use of Junior Classes. By the Same. A New Edition, 
revised and enlarged, with 156 Engravings. Ss. 
" Very suitable for Junior classes in schools. There is no reason why any one 
should not become acquainted with the principles of the science, and the &cts 
on which they are based, as set forth in tliis volume." — LdrMeL 

** Nothing can be better adapted to its object than this cheap and well- 
written Intaroduction." — London Quarterly Beview. 

OUTLINES OF NATUBAL HISTOBY, for Begin4er8; 

being Descriptions of a Progressive Series of Zoological Types. By 

the Same. With 52 Engravings. Is. 6d. 
"There has been no book since Patterson's well known 'Zoology for 
Schools' that has so completely provided for the class to which it is addressed 
as the capital little volume by ut Nicholson."— Popular ScUmot Review. 

EXAMINATIONS IN NATUBAL HISTOBY; being a 

Progressive Series of Questions adapted to the Author's Introduc- 
tory and Advanced Text-Books and the Student's Manual of Zoo- 
logy. By the Same. Is. 

INTBODUOTION TO THB STUDY OF BIOLOGY. 

By the Same. Crown 8vo, with numerous Engravings. 5s. 

A MANUAL OF PALAEONTOLOGY, for the Use of Stn- 

DENTS. With a General Introduction on the Principles of Palaeon- 
tology. By the Same. Crown 8vo, with upwards of 400 Engrav- 
ings. 15s. 
" This book will be found to be one of the best of guides to the principles of 
PalsBontology and the study of organic remains." — AtnencBwn, 

THE ANCIENT LIFE -HISTOBY OF THE EABTH. 

An Outline of the Principles and Leading Facts of Palaeontological 
Sdence. By the Same. With a Qlpaaaij and Index. It crown 
8yo, with 270 Enpmvings. 10s. 6d. 
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GEOLOGY. 



Eleventh Edition. 

INTBODUOTOBY TEXT -BOOK OF GEOLOGY. By 

David Page, LL.D., Etc., Professor of Geology in the Dnrham 
Universi^ College of Physical Science, Newcastife. With Engrav- 
ings on Wood, and Glossarial Index. 2s. 6d. 

''It has not been our good fortune to examine a text-book on science of 
which we coold express an opinion so entirely fkvonrahle as we are enabled to 
do of Mr Page's little work."— iitAefueunk 

Sixth Edition. 

ADYANOED TEXT -BOOK OF GEOLOGY. Descriptive 

AND Industrial. .With Engravings, and Glossary of Scientific 
Terms. By the Same. Bevised and enlarged. 78. 6d. 

** We have careftdly read this truly satisfactory book, and do not hesitate to 
say that it is an excellent compendium of the great &ds of Oeology, and writ- 
ten in a trathfiil and philosophic spirit." — EdlM&wrgli, FhilosopMoai JowrndL 

"As a school-book nothing can match the Advanced Text-Book of Geology 
by Professor Page of Newcastle."— If ee^onics* Magaaine. 

"We know of no introdaction containing a laraer amonnt of information in 
the same siwce, and which we could more cordially recommend to the geologi- 
cal atadenV'-—AthencBfwnL 

Seventh Edition. 

THE GEOLOGICAL EXAICINATOB. A ProgresBive 

Series of Questions, adapted to the Introductory and Advanced 
Text-Books of Gtoology. Prepared to assist Teachers in framing 
their Examinations, and Students in testing their own Progress and 
Proficiency. By the Same. 9d. 

Sixth Edition. 

THE OBUST OF THE EABTH; A Handy OntUne of 
Gbologt. By the Same. Is. 

" An eminently satisfkctory work, giving, in less than 100 pages, an admir- 
able outline sketch of Geology, . . . forming, if not a royal road, at least 
one of the smoothest we possess, to an intelliigent acquaintance with geolo- 
gical phenomena."— iSootnmuk 

" Of singular merit for its clearness and trustworthy character."— Standard 

Third Edition, Enlarged. 

GEOLOGY FOB GBNEBAL BEADEBS. A Series of 

Popular Sketches in Geology and Palseontology. By the Same. 6s. 

"This is one of the best of Mr Page's many good books. It is written in a 
flowing, popular styla Without illustration or any extraneous aid, the narra- 
tive must prove attractive to any inteUigent reader."— GeoZojjricaZ Magcutine. 

SYNOPSES OF SUBJECTS taught in the Geological 

Class, College of Physical Science, Newcastle-on-Tyne, University 
of Durham. By the Same. Fcap. cloth. 2s. 6d. 

Second Edition, Enlarged. 
HANDBOOK OF GEOLOGICAL TEBMS, GEOLOGY, 

AND PHYSICAL GEOGRAPHY. By the Same. 7b. 6d. 



I o William Blackwood and Sons' 



Q^EOIjOQY— Continued. 

CHIPS AND OHAPTEBS. A Book for Amateurs and 
Young Geologists. By David Paqb, LL.D., Etc. Ss. 

THE PHILOSOPHY OF QEOLOaX. A Brief Beview of 

the Aim, Scope, and Character of Ceological Inquiry. By the 
Same. Fcap. 8yo. 3s. 6d. 



From the 'Saturday Eeview,* 

** Few of our hand-books of i>opalar science can be said to have greater or 
more decisive mearit than those of Mr Page on Geology and Paleontology. 
They are clear and vigorous in style, they never oppress the reader with a 
pedantic display of learning, nor overwhelm him with a pompons and super- 
fluous terminology ; and they have the happy art of takmg him straightway 
to the face of nature herself, instead of leading him by the tortuous and bewil- 
dering paths of technical system and artificial classification." 



BOTANY. 

A MANUAL OF BOTAKY, Anatomical and Physiological. 

For the Use of Students. By Bobbbt Bbown, M.A., Fk.D., 
F.R.G.S. Crown 8vo, with numerous Illustrations. 12s. 6d. 

"This is a work of veiy meritorious character."— iSeieitt</lc and LUarary 
Rtvieuf. 

**We have no hesitation in recommending this volume to our readers as 
being the best and most reliable of the many works on botany yet issued. . . . 
His manual will, if we mistake not, be eagerly consulted and attentively 
studied by all those who take an interest in the science of botany." — Civil 
Service Gazette. 



A.GBIOTJLTUBE. 

CATECHISM OF PBAOTICAL AOBICULTUBE. By 

Henbt Stephens, F.R.S.K, Author of the 'Book of the Farm.* 
A New Edition. With Engravings. Is. 

"Teachers will find in this little volume an admirable course of instruction 
in practical agriculture— that is, the outlines which they may easily fill up ; 
and by following the hiata given in Mr Stephens' pre&ce, the course womd 
scarcely fail to be quite interesting, as well as of great practical benefit. 
Landed proprietors and formers might with propriety encourage the introduc- 
tion of this work into schools."— ^oerdeen JovrnaL 

PBOFESSOB JOHNSTON'S CATECHISM OF AGBI- 

CULTURAL CHEMISTRY. Seventy-fifth thousand, edited by 
Professor Voeloker. With Engravings. Is. 

PBOFESSOB JOHNSTON'S ELEMENTS OF AQBI- 

CULTURAIi CHEMISTRY AND GEOLOGY. Tenth Edition, 
revised and brought down to the present time, by Charles A. 
Cameron, M.D., F.R.G.S.I., Etc. Foolscap. 08. 6d. 
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PHYSICAL GBOGEAPHY. 



INTBODUOTOBY TEXT-BOOK OF PHYSIOAL GEO- 
GRAPHY. With Sketch-Maps and Illustrations. By David 
Paqe, LL.D., Etc., Author of Text-Books of Geology. Eighth 
Edition. 28. 6d. 

" The divisions of the subject are so clearly defined, the ezplanatlonB are so 
lucid, the relations of one portion of the subleot to another are so satisfiustorily 
shown, and, above all, the bearings of tiie allied sciences to Physical Geography 
are brought out with so much precision, that every reader will feel thu cUffl- 
culties have been removed, and the path of study smoothed before him."— 

''Whether as a school-book or a manual for the private student^ this work 
has no equal in our Educational literature." — Iron. 

ADVAKOED TEXT-BOOK OF PHYSIOAL GEOOBAPHY. 

With Engravings. By the Same. Second Edition. 5s. 
" A thoroughly good Text-Book of Physical Qeography."— iSaturddy iteview. 

EXAMINATIONS ON PHYSIOAL GEOGBAPHY. A 

Progressive Series of Questions, adapted to the Introductory and 
Advanced Text-Books of Physical Geography. By the Same. 
Third Edition. 9d. 

ELEMENTS OF PHYSIOGBAPHY AND PHYSIOAL 

GEOGRAPHY. With express reference to the Instmctions 
recently issued by the Science and Art Department. By the Rev. 
Albz. Maokat, LL.D., F.R.G.S.y Autnor of 'A Manual of 
Modem Geography, Mathematical, Physical, and Political,' &c. 
With numerous Dlnst rations. Seven th Thousand, pp. 160. Is. 6d. 

OOMPABATIYE GEOGBAPHY. By OABL BITTEB. 

Translated by W. L. Gags. Pcap. 3s. 6d. 



METEOROLOGY. 

INTBODUOTOBY TEXT-BOOK OP METBOBOLOGY. 

By Alexander Buohan, M.A., F.R.S.E., Secretary of the Scot- 
tish Meteorological Society, Author of 'Handy Book of Meteor- 
ology,' &c. Crown 8vo, with 8 Coloured Charts and other Engrav- 
ings. Pp. 218. 48. 6d. 

*' A handy compendium of Meteorology by one of the n^ost eompeteut autho- 
rities on this branch of science."— Petermann's GeogrtxpkiMht MittaeUimflfin. 

" We can recommend it as a handy, clear, and scientiflo introduction to the 
theory of Meteorology, written by a man who has evidently mastered his sub- 
ject" — Lamcet. 

** An exceedingly useftil volume." — AtJunanim. 

HANDY BOOK OF METEOBOLOGY. By the Same. 

Third Edition. 
In this Edition the Charts of the Distribution of Atmospheric Pres- 
sure and of Terrestrial Temperature will be thoroughly revised ; tiie 
Relations of Temperature to Atmospheric Pressure and Winds will, 
with the aid of mustrative Charts, m more folly discussed. Charts 
will be given showing the Distribution of Rain over the Continents of 
the Globe ; prevailing Winds will be pointed out ; and otherwise the 
Book win be revised throughout. [In preparation. 



1 2 Wiiliam Blackwood and Son^ 



MATHEMATICS, &o. 



THB THBOBY OF ABITHMBTIO. By David Munn, 

F.R.S.E., Mathematical Master, Royal High School of Edinburgh. 
Crown SvOy pp. 294. 58. 

ELBMENTABY ABITHMBTIO. By Edward Sang, 

F.R.S.E. This Treatise is intended to supply the ^preat desider- 
atum of an intellectual instead of a routine course of mstruction in 
Arithmetic Post 8vo. 5s. 

THE HIGHEB ABITHMETIO. By the Same. Being 

a Sequel to ' Elementary Arithmetic.' Crown 8vo. 5s. 

FIVE-PLAOE LOGABITHMS. Arranged by the Same. 

Sixpence. For the Waistcoat-Pocket. 

TREATISE ON ABITHMETIO, with nnmerons Exercises 
for Teaching in Classes. By James Watson, one of the Masters 
of'Heriot's Hospital. Foolscap. Is. 

PBIMEB OF GEOMETBY. An Easy Introduction to the 
Propositions of Euclid. By Frai^cis Cuthbertson, M JL , LL.D. , 
late Fellow of Corpus Christi College, Cambridge; Head Mathe- 
matical Master of the City of London School. Is. 6d. 

" The selection is most Judicious, and we believe the plan will he success- 
ftiL"— iSpectotor. 

A GLOSSABY OF NAVIGATIOK. Containing the De- 
finitions and Propositions of the Science, Explanation of Terms, 
and Description of Instruments. By the Rev. J. B. Habbord, 
M.A., Assistant Director of Education, Admiralty. Crown 8vo, 
lUustoated with Diagrams. 6s. 

DEFINITIONS AND DIAGBAMS IN ASTBONOMY 

AND NAVIGATION. By the Same. Is. 6d. 

ELEMENT ABY HAND-BOOK OF PHYSICS. With 210 

Diagrams. By William Bossiter, F.R.A.S., &c Crown 8vo, 
pp. 390. 5s. 



i< 



A singularly interesting Treatise on Physics, founded on fiicts and 
phenomena gained at first hand by the Author, and expounded in a style 
which is a model of that simplicity and ease in writing which betokens mas- 
tery of the subject To those who reaulre a non-mathematical exposition of 
the principles of Physics, a better book cannot be recommended."- PaU MaU 

0<U€tU. 
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MENTAL PHILOSOPHY. 



Sixth Edition. 

LEOTUBES ON METAPHYSICS. By Sir WILLIAM 

HAMILTON, Bart, Professor of Logic and Metaphysics in the 
University of Edinburgh. Edited bv the Very Rev. H. L. Man- 
sell, LL.I)., Dean of St Paul's, and John Veitoh, M.A., Professor 
of Logic and Rhetoric, Glasgow. 2 vols. 8vo. 24s. 

Third Edition. 
LEOTUBES ON LOGIC. By Sir WILLIAM HAMIL- 
TON, Bart. Edited by the Same. 2 vols. 8vo. 24s. 

Third Edition. 

DISCUSSIONS ON PHILOSOPHY AND LITBBATUBE, 

EDUCATION AND UNIVERSITY REFORM. By Sir WiL- 
LiAM Hamilton, Bart. 8vo. 21s. 

New Edition. 

PHILOSOPHICAL WOBES OF THE LATE JAMES 

FREDERICK FERRIER, B.A., Oxon., LL.D., Professor of Moral 
Philosophy and Politiciu Economy in the University of St 
Andrews. 8 vols, crown 8vo. 84s. od. 

The following are sold Separately : — 

INSTITUTES OF METAPHYSIC. Third Edition. 10s. 6d. 

LECTURES ON THE EARLY GREEK PHILOSOPHY. Bee- 
ond Edition. 10s. 6d. 

PHILOSOPHICAL REMAINS, iNOLUDiNa the Leotubes on 
Early Gbrek Philosopht. Edited by Sir Alex. Grant, 
Bart, D.C.L., and Professor Lushington. 2 vols. 24s. 

Seventh Edition. 

POBT BOYAL LOGIC. Translated from the French: 

with Introduction, Notes, and Appendix. By Thomas Sfencer 
Batnes, LL.D., Professor of Logic, Rhetoric, and Metaphysics 
in the University of St Andrews, l^o. 4s. 
"Ilirough his excellent translation of the Port Royal Logic, and his intro- 
duction and notes. Professor Baynes has rendered good service to logical studies 
in lids country ; for if the stodent desires to understand someuiing of the 
raHonale of the rules laid down in ordinary texts, he could not have recourse 
to a better work."— London Qwvrterly Beoiew. 

DESCABTES : On the Method of Bightly Oondncting the 

Reason, and Seeeino Truth in the Soienoes, and his Medi- 
tations, AND Selections from ms Principles of Philosopht. 
Post 8vo. 4s. 6d. 

THE PHILOSOPHY OF HISTOBY IN EUBOPB. YoL 

I., containing the History of that Philosophy in France and Ger- 
many. By ROBERT Flint, D.D., LL.D., Professor of Divinity in 
the University of Edinburgh. . 8vo. 158. 
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Ancient Classics for English Readers, 

Edited bt the Rev. W. LUCAS COLLINS, M.A. 

In SO vols., price 9i. (hL each, in clotb (sold separately) ; or bonnd In 10 
vols., with calf or yellnm back, for £3, lOs. 
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